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HIV INTEGRASE INHIBITORS 



BACKGROUND OF THE INVENTION 

5 

Human immunodefidency virus (HIV) has been identified as the 
etiological agent responsible for acquired immune deficiency syndrome 
(AIDS), a fatal disease characterized by destruction of the immune system 
and the inability to fight off life threatening opportunistic infections. Recent 

10 statistics (UNAIDS: Report on the Global fflV/ AIDS Epidemic, December 

1998), indicate that as many as 33 million people worldwide are infected with 
the virus. In addition to the large number of individuals already infected, the 
virus continues to spread. Estimates from 1998 point to close to 6 million 
new infections in that year alone. In the same year there were approximately 

15 2.5 million deaths associated with HIV and AIDS. 

There are ciu:rently a nxmnber of antiviral dmgs available to combat 
the infection. These drugs can be divided into three classes based on the viral 
protein they target and their mode of action. In particular, saquinavir, 
indinavir, ritonavir, nelfinavir and amprenavir are competitive inhibitors of 

20 the aspartyl protease expressed by HIV. Zidovudine, didanosine, stavudine, 
lamivudine, zaldtabine and abacavir are nucleoside reverse transcriptase 
inhibitors that behave as substrate mimics to halt viral cDNA synthesis. The 
non-nudeoside reverse transcriptase inhibitors, nevaripine, delavaridine and 
ef avirenz inhibit the synthesis of viral cDNA via a non-competitive (or 

25 uncompetitive) mechanism. Used alone these drugs are effective in reducing 
viral replication. The effect is only temporary as the virus readily develops 
resistance to all known agents- However, combination therapy has proven 
very effective at both reducing virus and suppressing the emergence of 
resistance in a nximber of patients. In the US, where combination therapy is 

30 widely available, the number of HIV-related deaths has declined (Palella, F. 
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J.; Delany, K. M.; Moorman, A. C; Loveless, M. O.; Furher, J.; Satten, G. A.; 
Aschman, D. J.; Holmberg, S. D. N. Engl /. Med, 1998, 338, 853). 

Unfortunately, not all patients axe responsive and a large number fail 
this therapy. In fact, approximately 30-50% of patients ultimately fail 

5 combination therapy. Treatment failure in most cases is caused by the 

emergence of viral resistance. Viral resistance in turn is caused by the rapid 
turnover of HEV-l diiring the course of infection combined with a high viral 
mutation rate. Under these circumstances incomplete viral suppression 
caused by insufficient dmg potency, poor compliance to the complicated 

10 drug regiment as well as intrinsic pharmacological barriers to exposture 

provides fertile ground for resistance to emerge. More disturbing are recent 
findings which suggest that low-level replication continues even when viral 
plasma levels have dropped below detectable levels (< 50 copies/ml) 
(Carpenter, C. C. J.; Cooper, D. A; Fischl, M. A.; Gatell, J. M.; Gazzard, B. G.; 

15 Hammer, S. M.; Hirsch, M. S.; Jacobsen, D. M.; Katzenstein, D. A.; Montaner, 
J. S. G.; Richman, D. D.; Saag, M. S.; Schecter, M.; Schoolery, R. T.; Thompson, 
M. A.; VeUa, S.; Yeni, P. G.; Volberding, P. A. JAMA 2000, 283, 381). Clearly 
there is a need for new antiviral agents, preferably targeting other viral 
enzymes to reduce the rate of resistance and suppress viral replication even 

20 further. 

HIV expresses three enzymes, reverse transcriptase, an aspartyl 
protease and integrase, all of which are potential antiviral targets for the 
development of drugs for the treatment of AIDS. However, integrase stands 
out as beiag the only viral enzyme not targeted by current therapy. The 
25 integrase enz5nne is responsible for insertion of the viral cDNA into the host 
cell genome, which is a critical step in the viral life cycle. There are a number 
of discrete steps involved in this process including processing of the viral 
cDNA by removal of two bases from each 3'-ternunus and joining of the 
recessed ends to the host DNA. Studies have shown that in the absence of a 



wo 2004/004657 PCTAJS2003/021371 

3 

functional integrase enz5rme HIV is not infectious. Therefore, an inhibitor of 
integrase would be* useful as a therapy for AIDS and HIV infection. 

A ninnber of inhibitors of the enzyme have been reported. These 
include, nucleotide-based inhibitors, known DNA binders, catechols and 
5 hydrazide containing derivatives (Neamati, N. Expert Opin, Ther. Patents 

2002, 12, 709-724). Diketoamide HIV integrase inhibitors have been disclosed 
(WO 0316266, WO 0335076, WO 0335077, WO 02070486). However, no 
clinically approved compound has resulted from these leads. Thus, clinically 
effective inhibitors of HTV integrase would fulfill a therapeutic need. 

10 

SUMMARY OF INVENTION 

The present invention relates to compounds of Formula I, or 
pharmaceutically acceptable salts and solvates thereof 

15 

r2 




Formula I 

wherein R\ R2, R3, and are described as below. The invention 
includes compositions and methods of treatment using these compounds. 

20 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention describes compoimds of Formula I, or 
pharmaceutically acceptable salts or solvates thereof 

25 
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wherein: 
Riis 

5 . -phenyl substituted with 1-3 R*, 

-naphthyl^ furanyl, thienyl, pyridyl, or imidazolyl vinsubtituted or 
substituted with 1-3 

-Ci-Ce alkyl-aryl unsubtituted or substituted with 1-3 R*, or 
-Ci-Cs aUgrl-O-aryl unsubtituted or substituted with 1-3 R*; 



10 R2is 



-H, 

-Ci-Ce alkyl, 

-aryl tmstibstituted or substituted with 1-3 R*, or 

-Ci-Ce allqrl aryl unsubstituted or substituted wititi 1-3 R^; 



15 R3is 



-H, 

-Ci-Q alkyl, 

-Ci-C6 alkyl-aryl unsubstituted or substituted with 1-3 R, or 
-OR9; 

20 R* is independently selected from 
-halo, 
-CN, 

-Ci-Ce alkyl, 
-C3-C6 cydoalkyl, 
25 -Ci-Cfihaloalkyl, 
-OR5, 
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-CO2R6, 

-N(R7)(R8), 

-CON(R7)(R8), 

-SR5, 

5 -SOCi-Cealkyl, and 

-S02Ci-C6alkyl; 

R5 and are independently selected from -H and -Ci-O alkyl; 
R7 and R8 are independently selected from -H and -Ci-Ce alkyl, or NRTR^ is a 
heterocyde selected from pyrrolidine, piperidine, 
10 4-hydroxypiperidine, morpholine, thiomorpholine, piperazine, and 

4-methylpiperazine; 

R9is 

-H, 

-Ci-Cio alkyl, 
15 -Ci-Cealkyl-aryl, 
-C2-C10 alkyl-OR5, 
-Ci-Cioalkyl-COzRS, 
-Ci-Cio a]lcyl-N(R7)(R8), 
-Ci-Cio alkyl-CON(R7)(R8), or 
20 -Ci-Ce alkyl-heterocyde where the heterocyde is selected from 

pyrrolidine, piperidine, 4-hydroxypiperidine, morpholine, 
thiomorpholine, piperazine, 4-methylpipera2ine, and 
thiazinanedioxide; 
Bi is sdected from the group consisting of 




RIO is 

-H, 
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-Ci-Cealkjrl, 
-cydoalkyl, 
-Ci-Ce alkyl-aryl, 

-phenyl vmsubstituted or sixbstituted with 1-3 R^, 
5 - benzofuran, dihydrobenzofuran, benzodioxane, or 

-heteroaryl selected from furan, thiophene, pjnrole, imidazole, 
oxazole, thiazole, and pjnidine; 

RUis 

-Ci-Cealkyl 
10 -cycloalkyl, 

-aryl unsubstituted or substituted with 1-2 R*, 

-Ci-Ce alkyl-aryl unsubstituted or substituted witih 1-2 R^, 

-Ci-Ce aliyl-heteroaryl where the heteroaryl is selected from furan, 
thiophene, pyrrole, imidazole, oxazole, thiazole, and pyridine, 
15 -Ci-C6alkyl-NR^8, 

-Ci-Cealkyl-ORs, 

-Ci-C6alkyl-P(O)(0R6)2, 

-Ci-C6 alkyl-C02R^ or 

-Ci-Ce alkyl-C(0)N(R7)(R8); 

20 Ri2is 

halogen, 
-Ci-Qalkyl, 
-Ci-Cahaloalkyl, 
-C1-C3 thioalkyl, 
25 -ORIS, 

tetrahydrofuran, 

dihydropyran, 

-NR7R8, 

-CO2R6, 
30 -CONRTRs^or 
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-CONHCH2Ph where Ph is unsubstituted or substituted with 1-2 R^; 

Ri3is 

-H, 

-Ci-Cs alkyl, 
5 -Ci-Ce fluoroalkyl, 

aUyl, 

propargyl, 
phenyl, 
benzyl, 
10 -COCi-Caalkyl, 
-CH2C02R^ or 
-CH2CONR7R8. 



In the present invention, unless otherwise specified the following 
15 definitions apply. 

The numbers in the subscript after the symbol "C" define the number 
of carbon atoms a particular group can contain. For example, '"Ci-Ce" means 
a substituent containing from one to six carbon atoms. 

As used herein, the term "alkyF' means a saturated, straight chain or 
20 branched monovalent hydrocarbon radical having the stated number of 
carbon atoms. Examples of such alkyl radicals include methyl, ethyl, n- 
propyl, isopropyl, n-butyl, isobutyl, sec-butyl, t-butyl and, where indicated, 
higher homologues and isomers such as n-pentyl, n-hexyl, 2-methylpentyl 
and the like. Haloalkyl refers to an alkyl radical that is substituted with one 
25 or more halo radicals, such as trifluoromethyl. 

As used herein, the term ''cycloalkyr means a non-aromatic 3-6 
membered ring. Examples include, cyclopropyl, cyclobutyl, cyclopentyl and 
cyclohexyL 

Halo means chloro, bromo, iodo or fluoro. 
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"Aryl" means an aromatic hydrocarbon having from six to ten carbon 
atoms; examples include phenyl and napthyl, indenyl, azulenyl, fluorenyl 
and anthracenyl. 

The term "heterocyle'' refers to a monocyclic saturated heterocyclic 
5 nudei having 3-6 atoms contaming 1-3 heteroatoms selected from nitrogen, 
oxygen or sulfur. Heterocycles include, for example, piperidinyl, 
piperazinyl, pyrroUdinyl and morphoUnyL 

'Heteroaryl" means a five- or six-membered aromatic ring containing 
at least one and up to four non-carbon atoms selected from oxygen, sulfur 
10 and nitrogen. Examples of heteroaryl include 2-furyl, 3-furyl, 2-pyridyl, 3- 
pyridyl, 4-pyTidyl, pyrazinyl, 2-thienyl, 3-fhienyl, pyrrolyl, oxazolyl, 
thiazolyl, imidazolyl, pyrazolyl, isoxazolyl, isothiazolyl, 1,2,3-oxadiazolyl, 
1,2,3-triazolyl, lA4-thiadiazolyl, pyridazinyl, pyrimidinyl, 1,3,5-triazinyl and 
1,3,5-trithianyl. 

15 By virtue of its acidic moiety, where applicable, a compoxmd of 

Formula I forms salts by the addition of a pharmaceutically acceptable base. 
Such base addition salts include those derived from inorganic bases which 
include, for example, alkali metal salts (e.g. sodium and potassium), alkaline 
earth metal salts (e.g. calcium and magnesitim), aluminum salts and 

20 ammonium salts. In addition, suitable base addition salts include salts of 
physiologically acceptable organic bases such as trimethylamine, 
triethylamine, morpholine, pyridine, piperidine, picoline, dicydohexylamine, 
N,N'-dibenzylethylenediamine, 2-hydroxyethylamine, bis-(2- 
hydroxyethyl)aiiune, tri-(2-hydroxyetiiyl)amine, procaine, 

25 dibenzylpiperidine, N-benzyl-phenethylamine, dehydroabietylamine, N,N'- 
bishydroabietylamine, glucamine, N-methylglucamine, coUidine, quinine, 
quinoHne, ethylenediamine, ornithine, choline, N,N'-benzylphenethylamine, 
chloroprocaine, diethanolamine, diethylamine, piperazine, 
tris(hydrox5aneihyl)aminomethane and tetramethylammonium hydroxide 
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and basic anuno edds such as lysine, arginine and N-methylglutamine. These 
salts may be prepared by methods known to tiiose skilled in the art. 

Salts of an amine group may also comprise quaternary ammonium 
salts in which the amino nitrogen carries a svdtable organic group such as an 

5 alkyl, alkenyl, alkynyl or aryl moiety. 

Compoimds of Formula I which are substituted with a basic group 
miay exist as salts formed through add addition. The add addition salts are 
formed from a compound of Formula I and a pharmaceutically acceptable 
inorgaiuc add, induding but not limited to hydrochloric, hydrpbromic, 

10 hydroiodic, sulfuric, phosphoric, or an organic add such as p- 

toluenesulf onic, metihanesulfonic, acetic, benzoic, citric, malonic, fumaric, 
maleic, oxalic, succiiuc, sulfamic, or tartaric. Thus, examples of such 
pharmaceutically acceptable salts indude chloride, bromide, iodide, sulfate, 
phosphate, methanesulf onate, dtrate, acetate, malonate, fumiarate, sulfamate, 

15 and tartrate. 

Certain compounds of Formula I, and their salts, may also exist in the 
form of solvates with water, for example hydrates, or with organic solvents 
such as methanol, ethanol or acetonitrile to form, respectively, a methanolate, 
ethanolate or acetonitrilate. The present invention indudes each solvate and 

20 mixtures thereof. 

In addition, a compoimd of Formula I, or its salt or solvate, may 
exhibit pol3rmorphism. The present invention also encompasses any such 
polymorphic form. 

Certain compounds of Formula I may contain one or more chiral 

25 centers and exist in different optically active forms. When compounds of 

Formula I contain one chiral center, the compotmds exist in two enantiomeric 
forms. The present invention indudes both enantiomers and mixtures of 
enantiomers sudi as racemic mixtures. The enantiomers may be resolved by 
methods known to tihose skilled in the art, for example, by formation of 

30 diastereoisomeric salts which may be separated by crystallization, gas-liquid 
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or liqixLd chromatography, selective reaction of one enantiomer with an 
enantiomer-specific reagent. It will be appreciated tiiat where the desired 
enantiomer is converted into another chemical entity by a separation 
technique, then an additional step is reqtiired to form the desired 
5 enantiomeric form. Alternatively, specific enantiomers may be synthesized 
by asymmetric synthesis using optically active reagents, substrates, catalysts 
or solvents, or by converting one enantiomer into the other by as5n3imetric 
transformation. 

Certain compoxmds of Formula I may also exist in different stable 

10 conformational forms which may be separable. Torsional as3mimetry due to 
restricted rotation about an asymmetric single bond, for example because of 
steric hindrance or ring strain, may permit separation of different 
conf ormers. The present invention includes each conformational isomer of 
compounds of Formula I and mixtures thereof. 

15 Certain compoimds of Formula I may exist in zwitterionic form and 

the present invention includes each zwitterionic form of compotmds of 
Formula I and mixttures thereof. 

The compoimds of this invention can also exist as tautomers; therefore 
the present invention also includes all tautomeric forms. 

20 The compounds of Formula I are useful in the inhibition of HIV 

integrase, the prevention or treatment of infection by the human 
immunodeficiency virus and the treatment of consequent pathological 
conditions such as AIDS or ARC. The treatment involves administering to a 
patient, in need of such treatment, a compoimd of Formula I, or a 

25 pharmaceutically acceptable salt, solvate or prodrug thereof, or a 

pharmaceutical composition comprising a pharmaceutical carrier and a 
therapeutically effective amoimt of a compound of the present invention, or a 
pharmaceutically acceptable salt, solvate or prodrug therefor. 

Treatment extends to prophylaxis as well as established infections or 

30 symptoms. This includes initiating treatment pre- and post-exposure to the 
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virus. In addition, the present invention can be administered in conjunction 
with other anti-HTV agents (HTV protease inhibitors, nucleoside reverse 
transcriptase inhibitors, non-nucleoside reverse transcriptase inhibitors, and 
HIV-entry inhibitors), immunomodulators, antiinfectives and/ or vaccines. 

5 The compounds of the present invention are also useful in the 

preparation and execution of screening assays for antiviral compounds. 
Further, fl\e compounds of the present invention are \iseful in establishing or 
deteriniiiing the binding site of other antiviral compounds to HTV integrase, 
for example, by competitive inhibition. 

10 The compoimds of the present invention may be administered orally, 

parenterally (including subcutaneous injections, intravenous, intramuscular, 
intrastemal injection or infusion techniques), by inhalation spray or rectally, 
ki dosage unit formulations containing conventional non-toxic 
pharmaceutically acceptable carriers, adjuvants and vehicles. 

15 This invention also provides a pharmaceutical composition for use in 

the above described therapeutic method. A pharmaceutical composition of 
the present invention comprises an effective amoimt of a compound of 
Formula I in association with a pharmaceutically acceptable carrier, excipient 
or diluent. 

20 The active ingredient in such formulations comprises from 0.1 percent 

to 99.9 percent by weight of the formulation. By "pharmaceutically 
acceptable' it is meant that the carrier, diluent or excipient must be 
compatible with the other ingredients of the formulation and not deleterious 
to the recipient thereof. 

25 The present pharmaceutical compositions are prepared by known 

procedures using well known and readily available ingredients. The 
compositions of this invention may be formulated so as to provide quick, 
sustained or delayed release of the active ingredient after administration to 
the patient by employing procedures well known in the art. In making the 

30 compositions of the present invention, the active ingredient will usually be 
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admixed with a carrier, or diluted by a carrier, or enclosed within a carrier 
which may be in the form of a capsxale, sachet, paper or other container. 
When the carrier serves as a diluent, it may be a solid, semi-solid or liquid 
material which acts as a vehicle, exdpient or medium for the active 

5 ingredient. Thus, the compositions can be in the form of tablets, pills, 
powders, beadlets, lozenges, sachets, elixirs, suspensions, emulsions, 
solutions, syrups, aerosols, (as a solid or in a liquid medium), soft and hard 
gelatin capsules, suppositories, sterile injectable solutions, sterile packaged 
powders and the like. 

10 The compoimds can be administered by a variety of routes including 

oral, rectal, transdermal, subcutaneous, intravenous, intramuscular and 
intranasal. 

When administered orally, these compositions are prepared according 
to techniques well-knovm in the art of pharmaceutical formulation. For oral 

15 administration, the compound is typically f ormudated with exdpients such as 
binders, fillers, lubricants, extenders, diluents, disintegration agents and the 
like as are known in the art. 

For parenteral administration, the compound is formulated in 
pharmaceutically acceptable non-toxic, parenterally-acceptable diluents or 

20 solvents, such as mannitol, 1,3-butanediol, water, 5 percent dextrose. Ringer's 
solution or isotonic sodium chloride solution, or suitable dispersing or 
wetting and suspending agents, such as sterile, bland, fixed oils, including 
synthetic mono- or diglycerides, and fatty acids, including oleic add. 

A compound of the present invention, or a salt or solvate thereof, can 

25 be formulated in imit dosage formulations comprising a dose between about 
0.1 mg and about 1000 mg, or more, according to the particular treatment 
involved. An example of a unit dosage formulation comprises 5 mg of a 
compotind of the present invention in a 10 mL sterile glass ampoule. 
Another example of a unit dosage formulation comprises about 10 mg of a 
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compotuid of the present invention as a phaxmaceutically acceptable salt in 
20 mL of isotonic saline contained in a sterile ampotde. 

The compounds of the present invention can also be administered to 
hmnans in a dosage range of 1 to 100 mg/kg body weight in divided doses. 

5 One preferred dosage range is 1 to 20 mg/kg body weight orally in divided 
doses. It will be vmderstood, however, that the specific dose level and 
frequency of dosage for any particular patient may be varied and will depend 
upon a variety of factors including iiie activity of the specific compound 
employed, the metabolic stability and length of action of that compoimd, the 

10 route of administration, the age, body weight, general health, sex, diet, mode 
and time of administration, rate of excretion, drug combination, the severity 
of the particular condition, and the host imdergoing therapy. 

General methods useful for the synthesis of compounds embodied in 
this invention are shown below. The preparations shown below are 

15 disclosed for the purpose of illustration and are not meant to be interpreted 
as limiting the processes to make the compounds by any other methods. It 
will be appreciated by those skilled in the art that a number of methods are 
available for the preparation of the compotmds of the present invention as 
provided by Formula I. 

20 Formula I compounds can be prepared by processes which include 

processes known in the chemical art for the production of structurally 
analogous compounds or by a novel process described herein. A process for 
the preparation of a compoimd of Formula I (or a pharmaceutically 
acceptable salt thereof) and novel intermediates for the manufacture of a 

25 compoimd of Formula I, as defined above, provide further features of tiie 
invention and are illustrated by the following procedures in which the 
meanings of the generic radicals are as defined above, unless otherwise 
specified. It will be recognized that it may be preferred or necessary to 
prepare a compound of Formula I in which a functional group is protected 
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tising a conventional protecting group, and then to remove the protecting 

group to provide the compoxind of Formula 1. 

Thus, there is provided a process for preparing a compound of 

Formula I (or a pharmaceutically acceptable salt thereof) as provided in any 
5 of the above descriptions which is selected from any of those described in the 

examples, including the following. 

The compounds of the present invention can be synthesized according 

to the following schemes. Schemes I-in represent general methods for the 

synthesis of the compounds. In Scheme I, an appropriately substituted 
10 amine, I-l, can be acylated xmder standard amide bond forming conditions to 

yield 1-3. Methods for this type of transformation are described, in Jerry 

March, Advanced Organic Chemistry, 3^^ edition, John Wiley & Sons, 1985. 

The acetylamide 1-3 can be condensed with dimethyl oxalate in the presence 

of a base such as NaOMe or liHMDS. In the final step of the sequence, 1-5 
15 can be treated with and aldehyde, 1-6, and an amine, 1-7, to deliver tiie 

desired product 1-8. 

Scheme I 



20 



f O o O 



R 

r3 ' " 6 



M 1-2 1-3 1-4 

R^^CHO (1-6) 
r2 O OH ^ ^? 

1-8 

[Z = -OHor-Cl] 

Scheme n illustrates an alternative sjmthesis. In this route, amine I-l 
can be coupled to II-l using standard amide bond forming methods. The 
product of this reaction is II-2 which can be converted into 1-5 by 
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methanolysis of the dioxalane ring system and the resulting product carried 
on to the final product in a manner similar to that in Scheme L In scheme IE, 
compound II-2 can be synthesized as before, but instead of forming 
intermediate 1-5 it can be converted directly to 1-8 according to the equation. 

5 

Scheme n 




10 



wo 2004/004657 



PCT/US2003/021371 



16 

Scheme in 




5 In Scheme IV, a substituted benzoic acid derivative can be coupled 

with amine IV-2 using standard amide bond forming methods to yield IV-3. 
This intermediate can be reduced to the corresponding benzylic amine, IV-4, 
which can be coupled to 1-2. Intermediate IV-5 can then be condensed with 
dimetiiyl oxalate under basic conditions resulting in ketoadd IV-6. The final 

10 product can be delivered by treating IV-6 witii paraformaldehyde and amine 
1-7 in acetic add at elevated temperature. 
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Scheme IV 



BH3-DMS 




IV-5 1-4 iv-6 



paraformaldehyde 
AcOH 




R 
IV-7 



In Scheme V, (3,4-dichloro-benzyl)-methyIamine, V-1, can be coupled 
to m-B to yield Compound 37-A, This compound can then be treated with 
paraformaldehyde and amine 1-7 resulting in V-2. 
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Scheme V 




peirafonnaldehyde 

R^%rH2(I-7) 

CH3OH 




V-2 



5 In Scheme VI, ketone or aldehyde, VI-1, can be condensed with an 

alkyl-hydroxylamine, VI-2, to yield the corresponding oxime. This can be 
then reduced with NaBHsCN to amine VI-4. It will be appreciated by those 
skilled in the art that ttiis reduction can be carried out wifli a number of 
different reducing agents. Intermediate VI-4 can be coupled with III-B to 
10 yield VI-5 which can be taken on to VI-7 by two alternative routes. In one, 
VI-5 can be first treated with methanol to yield the corresponding methyl 
ester, VI-6, which can be converted to VI-7 as described previously. In the 
alternative procedure VI-5 can be treated with paraformaldehyde and 1-7 as 
described in Scheme HI. 



15 
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Scheme VI 




VI-7 



5 In Scheme W, ainine Vn-2 can be attadied to an aldehyde- 

functionalized polystyrene resin (4-formyl-3-methoxy-phenoxymethyl 
functionalized polystyrene), VII-l, via reductive amination using 
methodology v^ell known in the art. This intermediate can be coupled to 
add, III-A using standard amide bond forming reaction conditions. 
10 Intermediate Vn-4 can be treated witii 1-6 and 1-7 to yield Vn-5. The final 
product can be cleaved from ttie resin under addic conditions to yield 
product Vn-6. 
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Scheme Vn 




H + rI^NHs 



Na(OAc)3BH 



vn-1 



vn-2 



0 o--\ Pyi^p 



vn-4 



p 
b 



^^CHO (1-6) 



vn-3 

0 OH 
R'"^ Rl3 ^R14 

vn-5 



ni-A 



TFA 



O OH 



.13 



vn-6 



In Scheme Vm, intermediate carboxylic add, VIII-l can be converted 
to the corresponding add chloride, Vin-2, under standard conditions. This 
compoimd can then be treated with amine Vni-3 imder basic conditions to 
yield amide Vin-4. Amide Vin-4 can be treated with paraformaldehyde and 
methylamine to provide the final product, Vin-5. 
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Scheme Vm 




5 In Scheme DC, compound DC-l can be synthesized according to the 

procedure of Heynes R. et al Bull. Soc Chim. Fr, (1977) 906-910 and reacted 
with CH3I or AC2O to jnield intermediates IX-2 and IX-5 respectively. 
Saponification or hydrogenolysis of the benzyl ester can provide carboxylic 
adds IX-3 and IX-6 which can be coupled with I-l under amide bond 
10 forming reaction conditions. In the final step of the synthesis tt\e methyl enol 
of XI-4 and the acetyl enol of IX-7 can be removed to deliver the final product 
IX-8. 
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Scheme DC 




r2 O OH 




IX-8 
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In scheme X, Compound 82-A can be treated with trifluoroacetic acid 
to effect hydrolysis of the dimethyl-acetal. This tiien can be reacted with an 
heterocycle X-1 and a reducing agent such as sodium cyanoborohydride 
(NaBHsCN) to yield X-2. It will be understood by those skilled in the art that 
5 alternative reducing agents exist which can be used to carry out the same 
transformation- 

Scheme X 



CI 
CI 




O OH 
I \_N 



82-A Q 
H 



1. CF3CO2H 

2. PC-1) CI 



S.NaBHaCN 



CI 




X-2 



O OH 
I \_|M 

XX 



r20 



,20 



;2o 



[Y = OorN] 



^20 



10 



In scheme XI Compound 24 can be reacted with amines, XI-1 and XI-3, 
using standard amide bond forming reagents to form compoimds XI-2 and 
XI-4 respectively. 



15 
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Scheme XI 




5 Another method for the synthesis of compotinds of the current 

invention is illustrated in scheme XII. In this scheme Compound 84-A can be 
reacted with the corresponding add chloride XII-l, sulfamoyl chloride Xn-3 
or su]f onyl chloride XH-S imder basic conditions to deliver compounds Xn-2, 
XII-4 and Xn-6 respectively. 
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In Still another method to synthesize compounds of f onnula V-2, 
amine 1-7 and paraformaldehyde can be reacted in methanol at elevated 
temperature to form intermediate XIII-l as shown in scheme Xm. This 
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intennedLate is not isolated but added to a methanolic solution of Compound 
37-A to yield compounds of fonnula V-2. 

Scheme XHI 



CI 
CI 



R^^NH2 + paraformaldehyde 
^"^ CH3OH 
55-60 **C 




o o-k^ 



37-A 



xm-i J 



CH3OH, 55-60 °C 



CI 



CI 




O OH 



V-2 



R 



The synthesis of compomds of formula XVI-1 is illustrated in Schaaie 
XIV. In this scheme Compound 93-A can be converted to the corresponding 
10 methyl ester, 93-B, as described in the schemes above. Amine 1-7 and 

paraformaldehyde can be condensed to form intermediate XEH-l which is 
reacted with 93-B as before to yield XIV-1. 
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Scheme XIV 



R^^NHj, paraf ormadehyde 




XIV-1 



Compoxinds of this invention can also be synthesized according to the 
5 method illustrated in Scheme XV. In this method 2,4-difluorobenzaldehyde 
can be treated with thiomethoxide to generate 2-methylthio-4- 
fluorobenzaldehyde which can be converted to compoimd XV-1 via reductive 
amination with amine R^NHa (IV-2). This intermediate in turn can be 
acylated with HI-B to yield XV-2. Oxidation of tihe sulfide to title 
10 corresponding sulfoxide and sulfone can be carried out under conditions 
familiar to tiKose skilled in tihe art. Conversion of XV-3 and XV-4 to the 
corresponding compoimds of formulas XV-5 and XV-6 can be achieved by 
reaction with amine 1-7 and paraformaldehyde as described ia previous 
methods. 



15 
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Scheme XV 




CHO 



H3C. 




XV-1 



o 




XV-2 




R^NHj (1-7) 

paraformaldehyde HaC^g^iO 
b CH3OH 




O OH 



XV-3 



XV-5 




R^^NHja-T) o 
X parafonnaldehyde ^?*0 9 9^ 



XV-4 



XV-6 



In another method Compound 120-B can be treated with 1-7 and 
5 paraformaldehyde to yield compoimds of formula XVI-1, as illustrated in 
Scheme XVI. 
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Scheme XVI 



R^^NH2 a-7) 
paraformaldehyde 



C! 




5 

DESCRIPTION OF SPECinC EMBODIMENTS 

The specific examples that follow illustrate the syntheses of the 
compoimds of the instant invention, and are not to be construed as limiting 
10 the invention in sphere or scope. The methods may be adapted to variations 
in order to produce compoimds embraced by this invention but not 
specifically disclosed. Further, variations of the methods to produce the 
same compoimds in somewhat different manner wiU also be evident to one 
skilled in the art. 

15 In title following experimental procedures, all temperatures are 

understood to be in Centigrade (C) when not specified. The nuclear magnetic 
resonance (NMR) spectral characteristics refer to chemical shifts (5) expressed 
in parts per million (ppm) versus tetramethylsilane (TMS) as reference 
standard. The relative area reported for the various shifts in the proton NMR 

20 spectral data corresponds to the number of hydrogen atoms of a particular 
functional type in the molecule. In certain cases where ttie product is isolated 
as an inseparable mixture of isomers the integration of protons is given in 
dedmal fractions corresponding to the proportion of that particular isomer's 
protons in the mixture. The nature of the shifts as to multiplicity is reported 

25 as broad singlet (bs or br s), broad doublet (bd or br d), broad triplet (bt or br 
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t), broad quartet (bq or br q), singlet (s), multiplet (m), doublet (d), quartet 
(q), triplet (t), doublet of doublet (dd), doublet of triplet (dt), and doublet of 
quartet (dq). The solvents employed for taking NMR spectra are acetone-d^ 
(deuterated acetone), DMSO-d6 (perdeuterodimethylsulfoxide), D2O 
5 (deuterated water), CDCI3 (deuterochlorof orm) and other conventional 
deuterated solvents. 

The abbreviations used herein are conventional abbreviations widely 
employed in the art. Some of which are: calcd (calculated); DMSO 
(dimethylsulfoxide); EDC (l-(3-dimethylaiiunopropyl)-3-€thylcarbodiirnide 

10 hydrochloride); EtOAc (ethyl acetate); HOBt (l-hydroxybenzotriazole); HPLC 
(high-pressure liquid chromatography); LC/MS (liquid chromatography, 
mass spectroscopy); LDA (lithiixtn diisopropyl amide); liHMDS (lithium 
bis(trimethylsilyl)amide); MCPBA (3-chloroperoxybenzoic add) Si02 (silica 
gel); IHF (tetrahydrofuran), TFA (trifluoroacetic add). Me (methyl), Et 

15 (ethyl), Ph (phenyl), tBuOK (potassium tert-butoxide), NaOMe (sodium 

methoxide), NaOEt (sodium ethoxide), Boc (tert-butoxycarbonyl), and DEAD 
(diefliylazo dicarboxylate). 

Method A 

20 Compoimd A-1: (S)-(-f )-2.2-Dimethyl-5-oxo-13-dioxolane-4-acetic add, tert- 
butyldiphenylsilyl ester 



25 (2.08 g, 11.9 mmol) in dry dichloromethane (20 ml) was treated with 
triethylamine (1.83 ml, 13.1 mmol) followed by a solution of t- 
butylchlorodiphenylsilane (3.44 g, 12.5 nunol) in dichloromethane (5 ml) 
added dropwise over 5 minutes. After 3 hours at 22 ^C, the reaction mixture 




A solution of (S)-(-i-)-2,2-dimethyl-5-oxo-13-dioxolane-4-acetic add 
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was diluted with toluene (250 ml) washed with water, saturated sodium 
bicarbonate, brine and dried over magnesiimi sulfate. Evaporation of the 
solvent tmder reduced pressure and chromatography of the residue on silica 
gel (4 X 12 cm) using a mixture of toluene and ethyl acetate (0-2%) as eluent 
5 gave 4.90 g (99% yield) of the tide material as a clear oil, NMR (400 MHz, 
CDCI3) 5: 1.13 (s, 9), 1.58 (s, 3), 3.05 (m, 2), 4.79 (dd, 1, / = 4, 7), 7.4-7.8 (m, 10). 



10 



Compoimd A-2: 4-BroiTrio-2^9^HiT nethvl-5-oxo-13"dioxolane-4-acetic add, tert- 
butvldiphenvlsilvl ester 

Ph O 



A solution of (S)-(+)-2,2-dimethyl-5-oxo-l,3-dioxolane-4-acetic acid, 
tert-butyldiphenylsilyl ester (21.65 g, 52.4 mmol) in carbon tetrachloride (160 
ml) was treated with N-bromosucdnimide (9.35 g, 52.4 mmol) and 2,2'- 

15 azobisisobutyronitrile (200 mg) and the resulting mixture was heated under 
reflux (bath temperature 85 ^C) while irradiating with a 500 watt lamp. After 
10 minutes, the reaction mixture was cooled and the sucdnimide was filtered. 
The solvent was evaporated under vacuum to give the title bromide as a light 
yeUow oil (--26 g) which was used immediately for the next step. NMR 

20 (400 MHz, CDCI3) 5: 1,12 (s, 9), 1.41 (s, 3), 1.80 (s, 3), 3.80 (m, 2), 7.3-7.7 (m, 
10). . 

Compound A-3: (Z)-2.2-Dimethvl-5-ftert-butvldiphenvlsilvloxvcarbonyl- 
methvlene VI 3-dioxolan-4-one 

Ph O 

O 



25 M b 
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A solution of 4-bromo-2,2-dimethyl-5-oxo-l^-dioxolane-4-acetic add, 
tert-butyldiphenylsilyl ester (-26 g, 52.4 mmol) in dry tetrahydrofuran (160 
rol) was cooled to 0 and treated dropwise over 5 minutes with 1,8- 
diazabiqrclo [5,4,0] undec-7-ene (12.7 g, 78.8 mmol) and the resulting mixture 
5 was stirred at 5 for 1.5 hour. The solid formed was filtered and washed 
with a smiall amoimt of tetrahydrofuran. The filtrate was used as such for the 
next step. 

Alternatively, the reaction mixture can be diluted with toluene, 
washed with water, saturated sodium bicarbonate, brine and dried 
10 (magnesium sulfate). Evaporation of the solvent gave an oil which was 
chromatographed on silica gel using a mixture of toluene and ethyl acetate 
(0-2%) as eluent. The title ester was obtained as an oil in 30 - 50% yield. 
iHNMR (400 MHz, CDCI3) 5: 1.16 (s, 9), 1.76 (s, 6), 5.97 (s, 1), 7.4-7.8 (m, 10). 

15 Compoxmd UI-A: (2>2-Dimethvl-5-oxo-ri3ldioxolan-4-vlidene)-acetic add 




O 



A solution of pure (Z)-2,2 dimethyl-5-(t-butyldiphenylsilyloxy- 
20 carbonylmethylene)-l,3-dioxolan-4-one (2.80 g, 6.82 mmol) in 

tetrahydrofuran (40 ml) was treated at TIKI with acetic add (2 ml) followed 
by 6.8 ml of a 1 M solution of tetrabutylammonium fluoride in 
tetrahydrofuran. After 15 minutes at 22 ^C, the reaction mixture was diluted 
with ethyl acetate, washed with water, brine and dried (magnesiimi sulfate). 
25 The solvent was concentrated under reduced pressure and the residue was 
triturated with toluene to give 1.00 g (85% yield) of the title compound as a 
white crystalline material: mp 203-204 <<! (dec). IR (KBr) v max (cm -i): 
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15 



20 



1805, 1707 and 1662. NMR (400 MHz, CDCI3) 5: 1.78 (s, 6), 5.89 (s, 1). 
AnaL calcd for CvlhOs: C, 48.84; H, 4.68; Found: C, 48.84; H, 4.65. 

Preparation of (22-Dimethyl-5-oxcHri3ldioxolan-4-ylideneVacetic add from 
crude A-3 

A solution of the crude (Z)-2,2-dime1iiyl-5-(tert- 
butyldiphenylsilyloxycarbonyl mettiylene)-l,3-dioxolan-4-one (52.4 mmol) in 
letrahydrofuran (200 ml) was treated with acetic acid (13 ml) followed with 
50 ml of a 1 M solution of tetrabutylammonium fluoride in tetrahydrofuran. 
After 15 minutes at 22 ©C, the reaction mixture was filtered and the filtrate 
was concentrated in vacuo. Trituration of the residue with toluene gave 6.3 g 
(70% yield for three steps) of the title material as a white solid (>95% pure by 
iHNMR). 

Methods 

Compound B-1: (+V2.2-Dimeihvl-5-oxo-13-dioxolane-4-acetic add, tert- 
butyldimethylsilyl ester 



A solution of (S)-(4-)-2,2Hiimefhyl-5-oxo-l,3-dioxolane-4racetic add 
(13.20 g, 75.8 mmol) in N, N-dimethylformamide (25 ml) was treated at 22 
witii imidazole (10.56 g, 0.155 mmol) followed by tert-butyldimethylsilyl 
chloride (12.0 g, 79.6 mmol) and the resulting mixture was stirred at 22 <: for 
18 hours. The reaction mixture was then diluted witti toluene (500 ml), 
washed with water (56), saturated sodiimi bicarbonate and brine. After 
drying (magnesium sulfate), the solvent was evaporated under reduced 
pressure to give an oil. Distillation tmder vacuum gave 20.9 g (96% yield) of 
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the tide material as a clear oil : Bp 80-90 °C / 0.1 ton (btdb to bialb distillation, 
air bath temperatxare). iR NMR (400 MHz, CDCI3) 5: 0.33 (s, 3), 0.36 (s, 3), 
1.00 (s, 9), 1.11 (s, 3), 1.37 (s, 3), 2.72 (m, 2), 4.35 (dd, 1, / = 4, 6). 

5 Compound B-2: 4-Bromo-2>2-dimethyl-S-oxO"13-dioxolane-4-acetic acid, 
tertbutyldimethylsilyl ester 




A solution of (S)-(+)-2,2-dimethyl-5-oxo-l,3-dioxoIane-4-acetic acid, t- 
10 butyldimethylsilyl ester (20.9 g, 72.4 mmol) in carbon tetrachloride (200 ml) 
was treated with N-bromosucdnimide (14.18 g, 79.6 mmol) and 2,2'- 
azobisisobutyronitrile (0.30 g) and the resulting mixture was heated imder 
reflux while irradiating with a 500 W lamp. After approximately 5 minutes, a 
mUd exothermic reaction was observed and die mixture was heated for an 
15 additional 5 minutes. The reaction mixture was then cooled in an ice bath 
and the floating sucdnimide was filtered and washed with a small amount of 
carbon tetrachloride. The filtrate was used immediately as such for the next 
step. iH NMR (400 MHz, CDCI3) 8: 0.27 (s, 3), 0.28 (s, 3), 0.94 (s, 9), 1.66 (s, 3), 
1.84 (s, 3), 3.62 (m, 2). 

20 

Compound B-3: fZ)-2.2-Dimethyl-5-(tert-butyldimethylsilyloxycarbonvl- 
methylene)-13-dioxolane 




25 The solution of crude 4-bromo-2,2-dunettiyl-5-oxo-l,3-dioxolane-4- 

acetic add, tert-butyldimethylsilyl ester (72.4 mmol) in carbon tetrachloride 
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(approximately 220 ml) was cooled to 0-5 <C and treated dropwise over 10 
minutes and imder vigorous stirring witii a solution of 1^-diazabicyclo [5,4,0) 
undec-7-ene (12.1 g, 79.6 mmol) in dry tetrahydrofuran (125 ml). A heavy 
precipitate was formed which gradually became a granular solid. After 1 h, 
5 the solid obtained was filtered and washed with a small amoimt of 

tetrahydrofuraru The filtrate was concentrated under reduced pressure to 
give a light orange oil which was used as such for the next step. 



10 



Compoimd ni-A: (2,2-Dimethyl-5-oxO"ri31dioxolan-4>ylidene)-acetic add 

o oV 



The crude (Z)-2,2-dimefhyl-5-(tert-butyldimefhylsilyloxycarbonyl- 
methylene) -1,3 -dioxolan-4-one (72.4 mmol) in tetrahydrofuran (50 ml) was 
treated at 22 <>€ with acetic add (13 ml, 0.227 mmol) followed by 73 ml (73.0 

15 mmol) of a IM solution of tetrabutylammonium fluoride in tetrahydrofuran. 
After 1 h at 22 ^C, the reaction mixture was diluted with ethyl acetate (500 
ml), washed with water, brine and dried (anhydrous magnesium sulfate). 
Evaporation of the solvent under reduced pressure and trituration of the 
residual solid with toluene (50 ml) gave 7.70 g (62% yield for 3 steps) of the 

20 title Z-isomer as a white crystalline solid. Concentration of tiie mother liquors 
yielded another 0.2 g of a 75:25 mixture of Z and E isomers. Z-Isomer; 
NMR (400 MHz, CDCI3) 5: 1.78 (s, 3), 5.89 (s, 1). E-Isomer: m NMR (400 
MHz, CDCI3) 6: 1.80 (s, 3), 6.03 (s, 1). 
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Method C 

Compound HI-B (2^-Dim.ethvl-5-oxo-ri31dioxolan-4-vlideneVacetyl chloride 

O 

o 

5 A mixture of (2^-dimethyl-5-oxo-[131dioxolan-4rylidene)-acetic acid 

(0.50 g, 2.9 mmol) in dry dichloromethane (10 ml) was treated at 22 "C with 
oxalyl cWoride (0.5 ml, 5.8 mmol) followed by a trace (capillary) of N, N- 
dimethylformamide. After 1 h at 22 the dear solution was concentrated 
in vacuo to give 0.55 g (quantitative) of the title add chloride as a white 

10 aystaUine solid. 

EXAMPLE 1 
Compound 1-A: 4-Fluoro-N-methyl-benzamide 




15 



To a solution of 30 mL MeNHz (40% wt in H2O) was added 139 mL of 
IN NaOH. To this was added 130 mL of CH2CI2 followed by 4-fluoroben2oyl 
chloride (22 grams, 139 mmol) while the mixture was rapidly stirred. After 1 
20 hour the organic layer was separated, washed with H2O, dried over Na2S04 
and solvent removed under vacuum to yidd 20 grams (94% yield) solid. 
NMR (500 MHz, DMSO) 5: 2.78 (d, 3, / = 5), 7.28 (t, 2, / = 9), 7.91 (m, 2), 8.46 
(br s, 1). 13C NMR (125 MHz, DMSO) 5: 26.13, 114.95, 115.13, 129.49, 129.56, 
130.87, 130.90, 162.67, 164.64, 165.46. 



25 
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Compound l-B: (4'Huoro-ben2yl)-meihyl-amiiie; hydrochloride 



F 




NH-HCI 



5 



4-nuoro-N-inetiiyl-benzaimde (18.8 grains, 123 mmol) was dissolved 



in 180 mL of THDF. To this was added BFs^EtzO (5.51 mL, 43 mmol) and the 
resulting mixture heated to refltix for 15 min. The solution was then cooled 
to -20 and BH3*S(CH3)2 (16.5 mL, 174 mmol) added over 10 min. After 
this the reaction mixture was heated and the solvent removed by distillation 

10 for 20 min. The distillation apparatus was replaced with a reflux condenser 
and the reaction heated to 110 °C for 2h. After cooling to room temperature 
75 mL of 6N HCl was slowly added. After gas evolution had ceased the 
mixture was heated at reflux for 1 h flien allowed to regain room 
temperature. To this was added 200 mL of 6N NaOH. The mixture was 

15 extracted with EtaO. The organic layer was washed with saturated NaCl, 
dried over Na2S04, filtered and flie solvent removed to yield an oil. The oil 
was dissolved in Et20 and 30 mL of 4N HCl (dioxane) added resulting in a 
white ppt. which was filtered to yield 18.9 grams solid (88% yield). NMR 
(500 MHz, DMSO) 5: 2.48 (s, 3), 4.08 (s, 2), 7.26 (m, 2), 7.63 (m, 2), 9.60 (br s, 2). 

20 13C NMR (125 MHz, DMSO) 5: 31.57, 50.04, 115.24, 115.41, 128.29, 128.32, 
132.29, 132.36, 161.24, 163.19. 

Compoimd 1-C: N-(4-Fluoro-benzvl)-N-methyl-acetamide 



25 
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4-Fluoro-benzyl)-melhyl-aiiuiie; hydrochloride (8.75 grams, 50 mmol) 
was added to a rapidly stirring mixture of 100 mL CH2CI2 and 150 mL of IN 
NaOH. To this was added acetyl chloride (3.55 mL, 50 mmol) and the 
resulting mixture stirred overnight. The organic layer was then separated, 
5 washed with IN HQ, dried over Na2S04, fUtered and the solvent removed to 
yield 2 grams oil (22% yield). HRMS (M+H) calcd for C10H14FNO: 182.0891; 
found: 182.0979. m NMR (500 MHz, DMSO) 8: 2.04 (s), 2.05 (s), 2.77 (s), 2.90 
(s), 4.46 (s), 4.53 (s), 7.13-7.28 (m, 4). i3C NMR (125 MHz, DMSO) 5: 21.16, 
21.47, 32.85, 35.24, 48.81, 52.40, 114.97, 115.14, 115.30, 115.47, 128.52, 128.59, 
10 129.38, 128.44, 133.58, 133.60, 134.01, 134.03, 160.23, 160.33, 162.16, 16226, 
169.70, 169.84. 

Comtwund 1-D: 3-r(4-Fluoro-b enzvl>-methvl-carbamovl1-2-hvdroxv-acrvlir 
add methvl ester 




N-(4-Fluoro-benzyl)-N-methyl-acetamide (3.6 grams, 20 mmol) was 
dissolved in 20 mL of THF and cooled to -78 °C. To this was added 40 mL of 

20 IM LiHMDS (in THF) and the resulting solution stirred for 30 min. Next 
dimethyl oxalate (3.5 grams, 30 mmol) dissolved in 8 mL of THF is added 
and the reaction stirred for 2 h at -78 °C, then warmed to 0 °C and stirred an 
additional 30 min. To this was added IN HQ and the mixture then extracted 
with EtOAc. The organic layer was washed with saturated NaCl, dried over 

25 Na2S04, fUtered and the solvent removed. The crude product was purified 
by column chromatography (4x4 cm Si02, 80:20 Hex/EtOAc) to yield 4.3 
grams soKd (80% yield). HRMS (M+H) calcd for C13H15NO4F: 268.0985; 
found: 268.0983. Anal calcd for C13H14NO4F: C, 58.42; H, 5.28; N, 5.24; found: 
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C, 58.48; H, 521; N, 526. NMR and ^ NMR show a mixture of retainers 
at room temperature, m NMR (500 MHz, CDOs) 5: 3.00 (s), 3.86 (s), 3.89 (s), 
4.55 (s), 6.29 (s), 6.31 (s), 7.00-7.24 (overkpping m, 4). 13C NMR 5; 33.43, 34.79, 
49.97, 52.63, 52.97, 93.27, 93.55, 115.63, 115.80, 115.95, 116.13, 128.36, 128.42, 
5 129.71, 129.78, 131.32, 132.03, 159.70, 161.40, 163.25, 163.35, 170.93, 171.16. 

Compotind 1: 4-Hydroxy-l-methyl-5K)xo-25-<iihydro-lH-pyrrole-3- 
caiboxylic acid (4-fluoro-benzylVmethyl amide 

O OH 

10 \ 

To 1.6 mL of ethanol at 60 °C was added paraformaldehyde (46.6 mg, 
1.6 mmol. eq. of formaldehyde) and 0.78 mL of 2 M (THF) CH3NH2 and the 
resulting mixture stirred for 5 min. Compound 1-D (41.5 mg, 1.6 mmol) was 

15 added and the reaction stirred for 1 hr. The reaction mixture was then 
diluted with H2O and extracted with EtOAc. The organic layer was 
separated, washed with satd NaCl, dried over Na2S04, filtered and the 
solvent removed to yield crude product, which was purified by preparative 
TLC (Si02, 20% EtOH/OfcCk). HRMS [M+H] calcd for C14H16FN2Q3: 

20 279.1145. Found: 279.1148. NMR (CDCI3, 500 MHz) 5: 2.99 (s, 3), 3.03 (s, 
3), 4.13 (s, 2), 4.60 (s, 2), 6.98-7.23 (overlapping m, 4). 
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EXAMPLE! 

Compovind 2: l-r2-(4-CMoro-phenvlWthyl1-4-hydroxv-5-oxo-25-dihvdro^ 
lH-pyrrole-3-carboxylic add (4-fluoro-benzylVmethyl amide 



5 




3-[(4-nuoro-benzyl)-methyl-<arbamoyll-2-hydroxy-acrylic add methyl 
ester (Compotind 1-D) was treated with paraformaldehyde and 2-(4-diloro- 
phenyl)-eihylamiiie as described in the preparation of Compotind 1. HRMS 
10 (M-H) calcd for C2iHi9ClFN203: 401.1068; found: 401.1080. m NMR (500 
MHz, CDCI3) 5: 2.90 (t, 2, / = 7), 2.95 (s, 3), 3.72 (t, 2 J = 7), 3.95 (s, 2), 4.57 (s, 
2), 7.03-7.26 (overlapping m, 8). ^Kl NMR (125 MHz, CDCI3) 5: 33.92, 34.45, 
44.42,49.37, 51.46, 108.49, 115.73, 115.91, 128.87, 129.22, 129.98, 131.99, 132.67, 
136.60, 154.21, 161.42, 163.37. 164.51, 166.31. 

15 

EXAMPLES 

Compound 3; l-r2-(Chloro-phenvD-ethvn-4-hvdroxv-5-ox o-23-dihvdro-lH- 
pyrrole-3-carboxylic add (4-fluoro-benzyl)-methyl amide 
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3-[(4-nuoro-benzyl)-methyl-^bamoyl]-2-hydroxy-acrylic add mettiyl 
ester (Compound 1-D) was treated with paraformaldehyde and 2-(2-chloro- 
phenyl)-eihylainme as described in the preparation of Compound 1. HRMS 
(M+H) calcd for C2iH2iClESl203: 403.1225; found: 403.1237. NMR (500 
5 MHz, CDCI3) 5: 2.96 (s, 3), 3.05 (t 2, J = 7), 3.75 (t, 2 J = 7), 3.99 (s, 2), 4.58 (s, 
2), 7.01-7.34 (overlapping m, 8). ^Kl NMR (125 MHz, CDCI3) 8: 32.37, 34.52, 
42.90, 49.36, 51.47, 10938, 115.66, 115.83, 127.18, 128.37, 129.26, 129.32, 129.67, 
130.92, 132.13, 132.15, 134.01, 135.79, 152.71, 161.37, 163.33, 164.91, 166.11. 

10 EXAMPLE 4 

Compoimd 4: 4-Hydroxy-5-oxo-l-(2-thiophen-2-yl-ethyl)-2>5-dihydro-lH- 
pyrrole-3-carboxylic add (4-fluoro-benzyl)-methyl-amide 




3-[(4-nuoro43enzyl)-methyl-carbamoyl]-2-hydroxy-acrylic add methyl 
ester (Compound 1-D) was treated with paraformaldehyde and 2-thiophen-2- 
yl-etiiylamine as described in the preparation of Compound 1. HEMS (M-H) 
calcd for C19H18FN2O3S: 373.1022; found: 373.1029. ^H NMR (500 MHz, 
20 CDCI3) 5: 2.95 (s, 3), 3.14 (t, 2, / = 7), 3.76 (t, 2, / = 7), 3.97 (s, 2), 457 (s, 2), 6.81- 
7.21 (overlapping m, 7). «C NMR (125 MHz, CDCls) 6: 28.76, 34.49, 44.93, 
49.46, 51.47, 109.48, 115.65, 115.82, 12420, 125.59, 127.15, 12928, 129.34, 
132.12, 132.14, 140.34, 152.72, 161.37, 163.33, 164.94, 166.11. 
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EXAMPLES 

Compoimd 5: 142-f2- Huoro-phenvl)-€thvl1-4-hvdroxv-5-oxo-25-dihvdro-lH- 
pyrrole-3-carboxvlic add (4-fluoro-benzyD-mettiyl-ainide 



5 




3-[(4-Huoro-benzyl)-me1hyl<arbamoyl]-2-hydioxy-acrylic add methyl 
ester (Compotjnd 1-D) was treated with paraformaldehyde and 2-(2-fluoro- 
phenyl)-ethylamine as described in the preparation of Compovind 1. HRMS 

10 (M+Pi) calcd for C21H21N2F2O3: 387.1520; found: 387.1525. iR NMR (500 

MHz, CDCI3) 5: 2.96 (overlapping m, 5), 3.75 (t, 2 J = 7), 4.02 (s, 2), 4.58 (s, 2), 
6.98-7.22 (overlapping m, 8). i3C NMR (125 MHz, CDCI3) 6: 28.13, 28.14, 
34.55, 43.38, 49.34, 51.52, 109.53, 115.31, 115.48, 115.68, 115.85, 124.38, 124.41, 
124.87, 124.99, 128.68, 128.75, 129.29, 129.35, 130.96, 130.99, 131.98, 132.01, 

15 152.46, 160.26, 161.40, 16221, 163.36, 165.04, 166.09. 

EXAMPLES 

Compotmd 6: l-r2- (2.4-DidUoro-phenvn-ethvn-4-hvdroxy-5-oxo-25-dihydro- 
lH-pvrrole-3-ca rboxvlic add (4-fluoro-benzylV-methvl-amide 

20 
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3-[(4rnuoro4)enzyl)-methylKarbamoyll-2-hydroxy-acrylic add methyl 
ester (Compound 1-D) was treated with paraformaldehyde and 2-(2,4- 
dichloro-phenyl)-ethylajiune as described in the preparation of Compotmd 1. 
m NMR (500 MHz, CDCU) 5: 2.99 (s, 3), 3.03 (t, 2, J = 7), 3.74 (t, J = 7), 4.06 (s, 
5 2), 4.60 (s, 2), 7.03-7.37 (overlapping 7). NMR (125 MHz, CDCI3) 5: 
31.76, 34.67, 42.95, 49.48, 51.61, 109.74, 115.76, 115.93, 127.53, 129.27, 129.32, 
129.53, 131.63, 131.78, 131.80, 133.57, 134.14, 134.65, 152.19, 161.44, 163.40, 
165.24, 165.98. 

10 EXAMPLE 7 

Compotind 7: 4-Hydroxy-5-oxo-l-(2-pyridin-4-yl-ethyl)-2,5-djhydro-lH- 
pyrrole-3-caTboxyIic add (4-fl.uoro-benzyl)-methvl-ainide 



O OH 




3-[(4-Fluoro-benzyl)-methyl-carbamoyl]-2-hydroxy-acrylic add metiiyl 
ester (Compoiond 1-D) was treated witih paraformaldehyde and 2-pyridin-4- 
yl-ethylamine as described in ihe preparation of Compoxmd 1. HRMS (M+H) 
calcd for CaoHaiFNaOa: 370.1567; found: 370.1568. iH NMR (500 MHz, CDCI3) 
20 6: 3.00 (s, 3), 3.23 (t, 2, J = 7), 3.90 (t, 2, J = 7), 4.20 (s, 2), 4.60 (s, 2), 7.03 (m, 2), 
7.21 (m, 2), 7.80 (d, 2, / = 6), 8.73 (d, 2, / = 6). NMR (125 MHz, CDCU) 6: 
34.55, 34.63, 42.47, 49.04, 51.55, 109.53, 114.58, 115.74, 115.91, 127.10, 129.30, 
129.50, 131.76, 141.92, 153.22, 158.36, 160.92, 161.23, 161.43, 163.40, 165.33, 
166.13. 
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EXAMPLES 

Compound 8: 4-Hydroxv-5-oxo-l-phenethyl-23-dihydro-lH-pvrrole-3- 
carboxylic add (4-fluoro-ben2yl)-inethyl-ainide 



3-[(4-Huoro4)enzyl)-metiiyl-carbainoyll-2-hydroxy-acrylic acid methyl 
ester (Compound 1-D) was treated with paraformaldehyde and 2-phenyl- 



10 calcd for C21H22FN2O3: 369.1615; found: 369.1625. iR NMR (500 MHz, CDCI3) 
5: 2.92 (overlapping m, 5), 3.74 (t, 2 J = 7), 3.92 (s, 2), 4.56 (s, 2), 7.01-7.29 
(overlapping m, 9). i^C NMR (125 MHz, CDCI3) 5: 34.45, 34.60, 44.70, 49.42, 
51.46, 109.12, 115.66, 115.83, 126.75, 128.63, 128.72, 129.26, 129.33, 132.09, 
132.11, 138.18, 153.11, 161.38, 163.34, 164.79, 166.18. 



Compound 9: l-r2-(4-Fluoro-phenvl)-ethvl1-4-hydroxy-5-oxo-2,5-dihydTO-lH- 
pyrrole-3-carboxylic acid (4-fIuoro-benzyl)-methyl amide 



5 




ethylamine as described in the preparation of Compound 1. HRMS (M+H) 



EXAMPLE 9 
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3-[(4-HuorcHbenzyl)-methyl<aibainoylI-2-hydroxy-acrylic add methyl 
ester (Compound 1-D) was treated with parafonnaldehyde and 2-(4-fluoro- 
phenyl)-ethylamine as described in the preparation of Compoimd 1. (HRMS 
(M-H) calcd for C21H19F2N2O3: 385.1364; found: 385.1377. iR NMR (500 MHz, 
5 CDCI3) 5: 2.90 (t, 2,] =7), 2.95 (s, 3), 3.71 (t, 2 J = 7), 3.95 (s, 2), 4^7 (s, 2), 6.95- 
7.26 (overlapping m, 8). ^ NMR (125 MHz, CDCI3) 5: 33.74, 34.48, 44.70, 
49.41, 51.47, 108.82, 115.49, 115.66, 115.71, 115.77, 115.89, 129.22, 129.27, 
130.04, 130.10, 131.97, 133.72, 153.60, 160.81, 161.42, 162.76, 163.38, 164.71, 
16621. 

10 

EXAMPLE 10 

Compound 10: 4-Hydroxy-5-oxo-l-(3-phenyl-propyl)-2,5-dihydro-lH- 
pyrrole-3-carboxylic add (4-fluoro-benzyl)-methyl-amide 



15 




3-[(4-Fluoro-benzyl)-methyl-carbamoyl]-2-hydroxy-acrylic add methyl 
ester (Compovmd 1-D) was treated with paraformaldehyde and 3-phenyl- 
propylamine as described in titie preparation of Compound 1. ^H NMR (500 
20 MHz, CDCI3) 8: 1.93 (p, 2, / = 7), 2.64 (t, 2, / = 7), 2.99 (s, 3), 3.53 (t, 2, / = 2), 
4.10 (s, 2), 4.60 (s, 2), 7.02-7.28 (overlapping m, 9). isC (125 MHz, CDCI3) 6: 
29.77, 33.05, 34.56, 42.81, 48.79, 51.47, 109.25, 115.66, 115.83. 126.14, 128.30, 
128.49, 129.34, 129.40, 13Z16, 132.79, 140.88, 152.46, 161.39, 163.34, 165.02, 
166.08. 



25 
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EXAMPLE 11 

Compound 11: 4-Hydroxy-l-isopropyl-5'OxO"2^K3ihydro4H-pyrrole-^ 
carboxylic add (4-fluoro-benzyI)-methyl-aiidde 

O OH 

5 

3-[(4-Huoro-benzyl)-methyl-carbamoyl]-2-hydroxy-acrylic acid methyl 
ester (compoimd 1-D) was treated with paraformaldehyde and 
isopropylamine as described in the preparation of Compound 1. NMR 
10 (500 MHz, CDCI3) 5: 1.23 (d, 6, / = 7), 3.02 (s, 3), 4.10 (s, 2), 4.45 (heptet, 1, / = 
7), 4.62 (s, 2), 7.03 (m, 2), 7.24 (m, 2). i3C NMR (125 MHz, CDCI3) 5: 20.61, 
34.72, 44.09, 44.34, 110.21, 115.57, 115.75, 129.43, 129.50, 132.28, 132.30, 149.92, 
161.35, 163.31, 164.76, 165.80. 

15 EXAMPLE 12 

Compound 12-A: N-(3.4"DichlorO"ben2yl)-N'methyl-acetamide 



O 




20 A solution of (3,4-dichlorobenzyl)-methylamine (0.50 g, 2.63 mmol) 

(Shapiro et al. J. Amer. Chem. Soc.,(1959) 81, 3725) in a mixture of 
tetrahydrofuran (20 ml) and 40 % aqueous sodium acetate (10 ml) was cooled 
to 0-5 °C (ice bath) and treated with a solution of acetyl chloride (0.3 g in 
tetrahydrofuran) added dropwise over 5 min. After 1 h at 0-5 ^C, tiie reaction 

25 mixture was diluted with ettiyl acetate, washed successively with 1 N 
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hydrochloric add, saturated sodium bicarbonate, brine and dried 
(magnesium sulfate). Evaporation of the solvent and distillation of the 
residue in vacuo gave 0.51 g (83% yield) of the title amide as a dear oil: bp 
110-120 oC/0.2 torr, (bulb to bulb distillation, air bath temperature). ^HNMR 
5 400 MHz (CDCI3) 5 (ppm), mixture of rotamers: 2.36 and 2.39 (3H, 2 s, 
COCH3), 3.16 (3H, s, NCH3), 4.70 and 4.75 (2H, 2 s, NCH2), 7.2-7.7 (3H, m, 
aromatics). Anal, calcd for CioHnCbNO : C, 51.74; H, 4,78; N, 6.03. Found: C, 
51.70; H, 4.77; N, 6.04. 

10 Compoxmd 12-B: 3-r(3.4-DichlorO"benzyl-'meaivl"Carbamovl1-2--hydroxy- 
acrylic add methyl ester 



O OH 




CI 



15 A solution of N-(3,4-dichIoroben2yl)-N-methyl-acetamide (0.83 g, 3.57 

mmol ) in tetrahydrofuran ( 15 ml ) was cooled to-78 and treated 
dropwise with 7.1 ml ( 7.1 mmol ) of IM lithitun bis(trimethylsayl)amide in 
tetrahydrofuran. After 20 min, the mixture was treated dropwise with a 
solution of dimethyl oxalate (0.63 g, 5.35 mmol) in tetrahydrofuran (3 ml), 

20 stirred at -78 °C for 1 h and then at 5 <: for another 45 min. The reaction 
mixture was then quenched by the addition of 1 N hydrochloric add and 
ethyl acetate. The organic phase was washed successively with water, 
saturated sodium bicarbonate and brine and dried over anhydrous sodium 
sulfate. Evaporation of the solvent imder reduced pressure and 

25 chromatography of the residue on silica gel (elution toluene-ethyl acetate, 
85:15) gave 0.70 g (61% yield) of the title ester as dear oil. iRNMR 400 MHz 
(C6D6) 5 (ppm); mixture of rotamers: 2.01 and 2.49 (3H, 2 s, NCH3), 3.43 and 
3.5 (3H, 2 s, OCH3), 4.0 and 4.4 (2H, 2 s, NCH2), 6.26 and 6.33 (IH, 2 s, CH), 
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6.62-7.2 (3H, m, aromatics). Anal, calcd for C13H13CI2NO4: C, 49.08; H, 4.12; N 
4.40. Found: C, 49.38; H, 4.23; N, 4.30. 

Compound 12: 4-Hydroxy4-methvl-5K)xo-23-dihydro-lH-pvr^ 
5 carboxylic add (3.4-dichloro-ben2vlVmethyl amide 



O OH 




CI 



A solution of 2 M methylamine in tetrahydrofuran (0.5 ml, 1.0 mmol) 
10 was added to a mixture of parafomialdehyde (0.3 g, 1.0 mmol, equivalent of 
foraialdehyde) in anhydrous ethanol (1ml) and the resulting mixture was 
heated at 60 for 5 min. Then a solution of 3-[(3,4-dichlorobenzyl)-methyl- 
carbamoyll-2-hydroxy-acry]ic acid methyl ester (0.318 g, 1.0 mmol) in ethanol 
(3 ml) was added all at once and the resulting mixture was maintained at 60 
15 for another 20 min. The reaction mixture was then quenched by the 

addition of ethyl acetate and pH 2 phosphate buffer. The organic phase was 
washed with brine, dried (anhydrous magnesium sulfate) and concentrated 
imder reduced pressure. Recrystallization of the solid residue from a mixture 
of ethyl acetate and hexane gave 0.180 g (54% yield) of the title material as a 
20 white solid: mp 148-150 <^C. 



wo 2004/004657 



PCTAJS2003/021371 



49 



EXAMPLE 13 



Compound 13; 4-Hydroxy-l-f2-morpholin-4-yl-ethyl)-5-oxQ-2^'^ 
pvrrole-3-carboxylic add (3.4-dicMoro-ben2yl)-methyl-'airiide 



To 0.5 mL of AcOH at 60 was added N-(2-aminoethyl) morpholine 
(0.066 mL, 0.5 mmol) and paraformaldehyde (15 mg, 0.5 mmol). After 
stirring for 5 min, 3-[(3,4-dicWoro-benzyl)-methyl-carbamoyl]-2-hydroxy- 

10 acrylic add methyl ester (159 mg, 0.5 mmol) was added and the resulting 
mixture stirred at 60 °C for 2 h. The reaction mixture was cooled to room 
temperature and extracted with EtOAc. The remaining aqueous layer was 
extracted with CH2CI2, and dried over Na2S04. Concentration yielded 51.1 
mg (24% yield) of the title compound as a white solid. NMR (300 MHz, 

15 CDCI3) 6: 10.52 (bs, IH), 7.40 (d, IH, 7=10.61), 7.39 (s, IH), 7.11 (dd, IH, 

7=10.24, 7=1.83), 4.60 (s, 2H), 4.23 (s, 2H), 3.64 (m, 6H), 3.01 (s, 3H), 2.63 (t, 2H, 
7=6.22),2.54,(m,4H),2.05(s,3H). MS (M+H) calcd for C19H23N3O4CI2: 427.1; 
found: 428.11. 



O 



OH 



5 
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EXAMPLE 14 

Compoiind 14: l<Iydopropyl'4-hydroxy-5<>xo-2^"dihydro-lH-p^^ 
caiboxylic acid (3,4-didiloro-benzyl)"methyl-araide 



O OH 



5 




3-[(3,4-EHcHoro-benzyl-me&yl<axbamoyl]-2-hydroxy-^ add 
methyl ester (Compoxmd 12-B) was treated with paraformaldehyde and 
cyclopropylamine as described in the preparation of Compound 12. The title 

10 compound was extracted with EtOAc and the organic layer was washed with 
H2O, and dried over Na2S04. After concentration, the resulting residue was 
triturated with EtOAc/Hexane (l:l)to give a white solid (52.7 mg, 30% yield). 
Mp=163-164 ^C. NMR (300 MHz, CDCh) 5: 9.97 (bs, IH), 7.42, (d, IH, 
7=8.42), 7.35 (s, IH), 7.10 (dd, IH, /=8.42, 7=1.47), 4.60 (s, 2H), 4.09 (s, 2H), 3.02 

15 (s, 3H), 2.81 (m, IH), 0.86 (m, 4H). HRMS (M+H) calcd for C16H17N2CI2O3: 
355.0616; found: 355.0618. 

EXAMPLE 15 

Compound 15: 4"Hydroxy-l-(2-methylaminO"ethyl)-5<)xo-23-dihydrO"lH- 
20 pvrrole-3-carboxylic add (3.4-<iichloro-benzylVmethyl-amide 



O OH 




3-[(3,4-Dichloro-benzyl-methyl-carbamoyl]-2-hydroxy-acrylic add 
25 methyl ester (Compound 12-B) was treated with paraformaldehyde and 
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me1hyl-ethane-lr2-diamine as described in the preparation of Compotind 12. 
The titie compound was trittirated wilh EtOAc to give a white solid (7.8 mg, 
4% yield). NMR (300 MHz, CDCI3) 5: 9.14, (bs, IH), 7.40, (d, IH, /=8.05), 
7.34 (s, IH), 7.11 (dd, IH, 7=8.05, 7=1.10), 4.58, (s, 2H), 4.34, (s, 2H), 3.94 (m, 
5 2H), 3.25 (m,2H), 3.03 (s,3H), 2.78 (s,3H). URMS (M+H) calcd for 
CisHwNaCbQs: 372.0881; found: 372.0886. 

EXAMPLE 16 

Compound 16: l-(2,2-Dimethyl-propvl)-4-hydroxy-5-oxo-2S<iihydro-l^^ 
10 pyrrole-3-carboxylLc acid (3,4-dichloro-benzyl)-methyl-amide 



O OH 




3-[(34-Dichloro-benzyl-mefhyl-carbamoyl]-2-hydroxy-acrylicacid 
15 methyl ester (Compound 12-B) was treated with paraformaldehyde and 2,2- 
dimefhyl-propylamine as described in the preparation of Compound 12. The 
resulting residue was purified by chromatography (YMC Combiprep ODS-A, 
30mm X 5Qmm, MeOH/H2O/0.1% TFA) to yield the titie compound as a 
white powder (7.9 mg, 4% yield). NMR (500 MHz, DMSO) 5: 7.42 (d, IH, 
20 7=8.24), 7.36 (s, IH), 7.12 (d, IH, 7=8.24), 4.61 (s, 2H), 4.26 (s, 2H), 3.27 (s, 2H), 
3.04 (s, 3H), 0.93 (s, 9H). HRMS (M+H) calcd for C18H23N2CI2O3: 385.1085; 
found: 385.1079. 
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EXAMPLE 17 

Compoimd 17: 4-Hydjoxy-5-oxo4-[2-(4-sulfamoyl-phenyl)-et^^ 
dihydTO'lH-pyrrole-3-carboxylic acid (3,4-dicMoro-benzyl)-methyl-amide 



3-[(3,4-DicUoro-benzyl-methyl<arbamoyl]-2-hydroxy"ac^ 
methyl ester (Compound 12-B) was treated with paraformaldehyde and 4-(2- 



10 Compound 12. The resulting residue was purified by chromatography (YMC 
Combiprep ODS-A, 30mm x 50mm, MeOH/mO/0.1% TFA) to yield the title 
compoimd as a white powder (47.9 mg, 19% yield). Decomposition point = 
110-113 °C iHNMR(500MHz,DMSO)5: 10.97 (s, IH), 7,72, (m, 2H), 7.61 
(d, IH, 7=8.54), 7.51 (s, IH), 7.42 (m, 2H), 7.29 (m, 2H), 7.25, (m, IH), 4.56, (s, 

15 2H), 4.04, (s, 2H), 3,67 (m, 2H), 3.34 (m, 2H), 2,95 (d, 3H, 7=6.41). HRMS (M- 
H)calcdforC2iH2oSN3Cl205: 496.0500; found: 496.0503. 

EXAMPLE 18 

Compound 18: 3~{4-f(3.4-dichloro-benzyl)-methyl-carbamoyll-3-hvdroxV'2- 
20 oxo-2^-dihydro-pyrrol-l-yll-propionic acid 




SO2NH2 



amino-^thyl)benzenesulfonamide as described in the preparation of 
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3-[(3,4r-DicWoro45enzyl-methylHarbamoyl]-2-hydroxy-acrylkadd 
methyl ester (Compound 12-B) was treated with paraformaldehyde and P- 
alanine as described in the preparation of Compoimd 12. The resulting 
residue was purified by chromatography (YMC Combiprep ODS-A, 30mm x 
5 5Qmm, MeOH/H2O/0.1% TFA) to yield the title compound as an amber 
soM (48.5 mg, 25% yield). Mp=183-184 ">C. m NMR (500 MHz, DMSO) 6: 
12.34 (s, 2H), 10.79 (s, IH), 7.61 (d, IH, /=8.54), 7.51 (s, IH), 7.24 (bs, IH), 4.57 
(s, 2H), 4.06 (s, 2H), 3.58 (t, 2H, J =6.40), 2.96 (bs, 3H), 2.54 (t, 2H, /=7.02). 
HRMS (M-H) calcd for C16H15N2CI2O5: 385.0358; found: 385.0364. 

10 

EXAMPLE 19 

Compound 19: l-(3.4-Dichloro-benzylV4-hyclioxy-5-oxo-2^-dihydro-lH- 
pyrrole-3-carboxylic add (3.4-dichloro-benzyl)-methyl-amide 



O OH 



15 




3-[(3,4-Dichloro-ben2yl-metihyl-carbamoyl]-2-hydroxy-acrylicadd 
methyl ester (Compound 12-B) was treated with paraformaldehyde and 3,4 
dichloro- benaylamine as described in the preparation of Compound 12. The 
20 title compound was isolated as a white foam (155mg, 66% yield). NMR 
(500 MHz, CDCI3) 5: 10.70 (bs, IH), 7.42 (d, IH, /=3.05), 7.40 (d, IH, J=3.05), 
7.34 (d, 2H, 7=1.83), 7.09 (dd, 2H, /=8.24, /=1.83), 4.62 (s, 2H), 457 (s, 2H), 406 
(s,2H), 3.00 (s,3H).HRMS (M-H) calcd for C2oHi5N2a403: 470.9836; found: 
470.9832. 
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EXAMPLE 20 

Compoimd 20: f4-rf3.4-Dichloro-benzvD-niethvl-carbain oyl1-3-hvdroxv-2- 
oxo-2^-dihydro-pyrrol-l-yll-acetic acid 



O OH 



5 




3-[(3,4-mcWoro-benzyl-meihyl-<aibamoyl]-2-hydroxy-acryUca^^ 
methyl ester (Compound 12-B) was treated with paraformaldehyde and 
glycine as described in the preparation of Compound 12. The title compound 
10 was isolated as a white soUd (80 mg, 43% yield). Mp=178-180 °C. ^JMR 
(300 MHz, DMSO) 5: 12.97 (bs, IH), 11.07 (s, IH), 7.62 (d, IH, /=8.41), 7.53 (s, 
IH), 7.25 (d, IH, J=6.95), 4.59 (s, 2H), 4.15 (s, 2H), 4.10 (s, 2H), 2.98 (s, 3H). 
HRMS(M-H)calcdforCi5Hi3N2Cl205: 371.0201; found: 371.0216. 



15 EXAMPLE 21 

Compotmd 21: 4-Hvdroxv-5-oxo-l-pvridin-4-vl methvl- 2S<iihvdro-lH- 
pyrrole-3-cafboxylic add (3.4-dichloro-benzvlV-methyl-amide 



O OH 




20 

3-[(3,4-Dichloro-benzyl-methyl-carbamoyl]-2-hydroxy-acrylicacid 
methyl ester (Compound 12-B) was treated with paraformaldehyde and 4- 
(ainino-methyl)p3rridine as described in the preparation of Compound 12. 
The resulting r^due was purified by chromatography (YMC Combiprep 
25 ODS-A, 30mm x 50mm, MeOH/H2O/0.1% TFA) to yield the title compound 
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as a sticky orange soUd (10.5 mg, 5% yield), m NMR (300 MHz, DMSO) 5: 
8.75 (d, 2H, J=6.22), 7.63-7.52 (m, 4H), 7.25 (d, 2H, J=7.31), 4.80 (s, 2H), 4.59 (s, 
2H), 4.1 (s, 2H), 2.99 (bs, 3H). HRMS (M-H) calcd for CigHidSFsClaOa: 
404.0568; found: 404.0554. 

5 

EXAMPLE 22 

Compotind 22; l-(l-Eflvyl-pyrrolidin-2-yl methyD-4rhydjoxy-5-oxo-25- 
dihydio-3-carboxylic add (3.4<lichloro-benzylVmettiyl-arnide 



O OH 



10 




3-[(3,4-Dichloro-benzyl-inetiiyl-carbamoyl]-2-hydroxy-acrylicadd 
methyl ester (Compound 12-B) was treated with paraformaldehyde and 2- 
(aminometiiiyl)-l-ethylpyrrolidine as described in the preparation of 

15 Compound 12. The title compoxmd was isolated as an orange solid (18.8 mg, 
9% yield). iR NMR (300 MHz, CDCb) 5: 12.26 (bs, IH), 7.43 (d, IH, /=8.42), 
7.36 (s, IH), 7.13 (dd, IH, /=8.05, /=1.46), 4.61 (s, 2H), 4.12 (s, 2H), 3.93 (m, 
2H), 3.22 (t, IH, 7=8.78), 3.09 (s, 3H), 2.93 (m, 2H), 2.21-1.72 (m, 6H), 1.42 (t, 
3H,J=6.95). HRMS (M-H) calcd for C20H24N3CI2O3: 424.11948; found: 

20 424.1200. 
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EXAMPLE 23 

Compound 23-A: (2-f4-r(3,4-Di(Moro-bemryl)-meflivl-carbamovl1-3-hydroxy- 
2-oxo-2^ihvdro-pvirol-l-vl)-ethvD-phosphonic add diethyl ester 



O OH 



5 




3-[(3,4-DicUoro4>eri2yl-methyl-<:arbamoyl]-2-hydroxy-acryHcadd 
methyl ester (Compotmd 12-B) was treated with parafonnalddiyde and (2- 
aminoethyl)phosphonic add diethylester as described in the preparation of 
10 Compound 12. Trituration with CHzCh/hexane gave the title compoimd 
(106 mg, 44% yield). NMR (300 MHz, CDCls) 5: 7.41 (d, IH, /=8.05), 7.35 
(s, IH), 7.10 (dd, IH, 7=8.05, J=1A7), 4.60 (s, 2H), 4.25 (s, 2H), 4.11 (m, 4H), 
3.77 (m, 2H), 3.02 (s, 3H), 2.17 (m, 2H), 1.31 (t, 6H, /=7.32). HRMS (M-H) 
calcdforCi9H24PN2Cl206: 477.0749; found: 477.0749. 

15 

Compound 23: (2-{4-r(3,4-Didiloro-benzyl')-methvl-carbamovll-3-hvdroxv-2- 
oxo-23-dihydro-pyrrol-l-yH-ethylVphosphonicadd 



O OH 




Compotmd 23-A (77 mg, 0.16 mmol) was stirred in acetic add (4 mL) 
and concentrated HQ (1 mL) at 120 °C 18 hours. Mbcture was cooled to 
room temp and concentrated. Residue was purified by chromatography 
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(YMC Conibiprep ODS-A, 30mm x 50mm, MeOH/H2O/0.1% TFA) to give 
the title compoimd as a white powder (4.4 mg, 6.5% yield). NMR (300 
MHz, DMSO) 5: 7.61 (d, IH, /=8.05), 7.52 (s, IH), 7.24 (d, 1HJ=8.05), 4.58 (s, 
2H), 4.09 (s, 2H), 3.55 (m, 2H), 2.96 (bs, 3H), 1.84 (m, 2H). HRMS (M-H) calcd 
5 forCi5Hi6PN2a206: 421.0123; found: 421.0139. 



EXAMPLE 24 

Compoimd 24; 4^{4-[(3,4-Dichloro-benzyl)-methyl-<arbamoyll-3-hydroxy-2- 
oxo-23-dihydro-pyrrol-l-yl|-butyric add 

10 

O OH 




CI 

CI 



-COaH 



3-[(3,4-DicWoro-beitzyl-methyl-caxbamoyl]-2-hydroxy-acrylicadd 
metiiyl ester (Compound 12-B) was treated with paraformaldehyde and - 

15 aminobutyric add as described in the preparation of Compound 12. The 

resulting residue was purified by duromatography (YMC Combiprep ODS-A, 
3Qmm x 50mm, MeOH/H2O/0.1% TFA) to yield the title compound as a 
white powder (42.1 mg, 21% yield). NMR (300 MHz, CDCb) 5: 7.42 (d, 
IH, 7=8.05), 7.36 (s, IH), 7.11 (dd, IH, /=8.05, /=1.10), 4.60 (s, 2H), 421 (s, 2H), 

20 3.58 (t, 2H, 7=6.22), 3.03 (s, 3H), 2.40 (t, 2H, J=6.95), 1.96 (t, 2H, 7=6.59). HRMS 
(M-H) calcd for C17H17N2CI2O5: 399.0514; found: 399.0509. 
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EXAMPLE 25 

Compotind 25: 2-|4-r(3.4-DicMoro-ben2ylVmethyl<arbamoyl1-3-hydroxy-2- 
oxo-2^Hiihydro-pyiTol-l-yl)-succinainic add 




3-[(3,4rEHdilorc)-beiizyl-methyl<arbamoyl]-2-hydroxy-acrylic add 
methyl ester (Compound 12-B) was treated with paraformaldehyde and 
asparagine as described in the preparation of Compound 12. The resulting 

10 residue was purified by diromatography (YMC Combiprep ODS-A, 30mm x 
50mm, MeOH/H2O/0.1% TFA) to yield the title compound as a white 
powder (12 mg, 6% yield), m NMR (300 MHz, DMSO) 5: 13.1 (bs, IH), 11.05 
(bs, IH), 7.62 (d, IH, 7=8.42), 7.53 (s, IH), 7.51 (s, IH), 7.25 (bs, IH), 6.97 (s, 
IH), 4.90 (m, IH), 4.58 (s, 2H), 4.07 (s, 2H), 2.96 (s, 3H), 2.73 (m, 2H). HRMS 

15 (M-H) calcd for CiyHieNaChOfii 428.0416; found; 428.0415. 



EXAMPLE 26 

Compound 26: 4-Hydroxy-5-oxo-l-(2-piperidin-l-yl-ethylV-23-dihydTO-lH- 
pyirole-3-carboxylic add (3,4-dichloro-ben2yl)-metiiyl-amide 

20 

O OH 
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3-[(3,4-DicMoro-beixzyl-methyl-<:arbamoyll-2-hydroxy-acr^ 
methyl ester (Compound 12-B) was treated with paraformaldehyde and l-<2- 
aminoethyl)piperidine as described in the preparation of Compovind 12. The 
restilting residue was purified by trituration with CH2CI2 to yield the title 

5 compoimd as a white solid (81.2 mg, 38% yield). Decomposition point=178- 
182 °C. iH NMR (300 MHz, DMSO) 5: 10.99 (s, IH), 7.62 (d, 1HJ=8.25), 7.52 
(d, IH, 7=1.46), 7.26 (d, IH, J=7.68), 4.60 (s, 2H), 4.13 (s, 2H), 3.81 (t, 2H, 
7=5.85), 3.48 (d, 2H, 7=11.34), 3.27 (d, 2H. 7=4.76), 3.00 (s, 2H), 2.86 (m, 3H), 
1.77 (m, 6H). HRMS (M+H) calcd for CzcJHbeNaClaOa: 426.1351; found: 

10 426.1346. 

EXAMPLE 27 

Compound 27: l-(2-Acetylamino-ea\yl)-4-hydroxy-5-oxo-23-dihydro-lH- 
pyrrole-5-carboxylic add f3,4-dichloro-benzylVmethyl-amide 



3-[(3,4-Dichloro-ben2yl-methyl-carbamoyl]-2-hydroxy-acrylicacid 
methyl ester (Compoimd 12-B) was treated wititi paraformaldehyde and N- 

20 acetylethylene diamine as described in the preparation of Compovmd 12. The 
resulting residue was piuified by chromatography (YMC Combiprep ODS-A, 
30mm X 50mm, MeOH/H2O/0.1% TFA) to yield the title compound as a 
white powder (60.8 mg, 30% yield). iR NMR (500 MHz, CDCI3) 5: 7.44 (d, 
IH, 7=8.24), 7.36 (s, IH), 7.11 (dd, IH, 7=9.76, 7=7.93), 6.77 (s, IH), 4,60 (s, 2H), 

25 4.29 (s, 2H), 3.68 (t, 2H, 7=5.18), 3.55 (q, 2H, 7=5.80), 3.05 (s, 3H), 2.02 (s, 3H). 
HRMS (M-H) calcd for C17H18N3CI2O4: 398.0674; found: 398.0682. 



15 



o 



OH 
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EXAMPLE 28 

Compoimd 28: 7-{4-r(3,4-dicMoro-benzvlVmethyl-caibamovl1-3-hvdroxv-2- 
oxo-23-dihydro-pyrrol-l-yll-heptanoic add 



0 OH 




CI 

CI 



COgH 



3-[(3,4rDichlorcHbenzyl-methylK:arbamoyl]-2-hydioxy-aciylicadd 
methyl ester (Compound 12-B) was treated with paraformaldehyde and 7- 
amino-heptanoic add as described in the preparation of Compound 12. The 

10 resulting residue was purified by duromatcgraphy (YMC Combiprep ODS-A, 
30nun x 50mm, MeOH/H2O/0.1% TFA) to yield the titie compound as a 
white powder (11.2 mg, 5% yield). iH NMR (500 MHz, CDCI3) 5: 11.95 (bs, 
IH), 11.00 (s, IH), 7.61 d, IH, 7=8.24), 7.52 (s, IH), 7.25 (s, IH), 4.58 (s, 2H), 
4.04 (s, 2H), 3.36 (m, 2H), 2.98 (s, 3H), 2.18 (t, 2H, 7=7.33), 1.48 (m, 4Ei), 126 

15 (m, 4H). HRMS (M+H) calcd for C20H25N2CI2O5: 443.1140; found: 443.1153. 
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EXAMPLE 29 

Compound 29: 2-(3-{4-r(3,4-DicHoro-benzvl)-methyl-carbamoylV^^ 

2<)xO'23-dihyckO"pyrrol4-yl}-propionylainm 

yl)-propionic acid 




3-[(3,4-E)icWoro-benzyl-meihyl-carbamoyl]-2~hydroxy-acr^ acid 
methyl ester (Compound 12-B) was treated with paraformaldehyde and L- 

10 anserine nitrate as described in the preparation of Compound 12. The 

resulting residue was purified by chromatography (YMC Comi>iprep ODS-A, 
30mm X 50mm, MeOH/H2O/0.1% TFA) to yield the title compound as a 
white soUd (3.3 mg, 1% yield). NMR (500 MHz, CDCI3) 5: 8.56 (s, IH), 
7.36 (d, IH, 7=8.24) 7.29 (m, IH), 7.20 (s, IHQ/ 7.04 (m, IH), 4.69 (m, IH), 4.52 

15 (s, 2H), 4.05 (s, 2H), 3.76 (s, 3H), 3.65 (t, 2H, J=5.80), 3.14 (m, 2H), 2.94 (s, 2H), 
2,51 (m, 2H). HRMS (M+H) calcd for C23H26N5CI2O6: 538.1260; found: 
538.1280. 
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EXAMPLE 30 

Compoixad 30: 4-Hydroxy-l-(3-ijiudazol-l-yl-propyl)-5K)xo-2^-dihydro-lH- 
pyrrole-3-carboxylic add (3,4Hiichloro-benzyl)-methyl-arnide 



0 OH 



5 




3-[(3,4-DicWoro43en2yl-methyl-cari?amoyl]-2-hydroxy-acryKcadd 
methyl ester (Compound 12-B) was treated with paraformaldehyde and N- 
propylamino imidazole as described in the preparation of Compoimd 12. 

10 The restilting residue was pvuified by diromatography (YMC Combiprep 
ODS-A, 30mm x 50mm, MeOH/H2O/0.1% TEA) to yield the title compound 
as an amber foam (59.1 mg, 28% yield). iH NMR (300 MHz, DMSO) 6: 1447 
(bs, IH), 11.05 (bs, IH), 9.10 (s, IH), 7.82 (s, IH), 7.70 (s, IH), 7.62 (d, IH, 
J=8.05), 7.52 (s, IH), 7.25 (d, IH, J=7.32 ), 4.59 (s, 2H), 4.19 (t, IH, J=6.95), 4.09 

15 (s, 2H), 3.41 (t, 2H, /=6.59), 2.98 (s, 3H), 2.13 (t, 2H, /=6.59). HRMS (M+H) 
calcd for Ci9H2iN4Ch03: 423.0990; found: 423.0982. 



EXAMPLE 31 

Compound 31: 4-Hydioxy-5-oxo-l-thiophen-2-yl methyl-25-dihydro-lH- 
20 pyirole-3-carboxylic add (3.4-didiloro-benzyl)-methyl-amide 



O OH 
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3-[(3,4-Dic]:doro-benzyl-meihyl<arbamoyl]-24iydroxy-acryUcadd 
methyl ester (Compound 12-B) was treated with paraformaldehyde and 
methylaiiiine thiophene as described in the preparation of Compoxmd 12. 
The restilting residue was purified by chromatography (YMC Combiprep 
5 ODS-A, 30mm x 50mm, MeOH/H2O/0.1% TFA) to yield the title compound 
as a white powder (58.7 mg, 28% yield). iR NMR (300 MHz, CDCI3) 5: 7.41 
(d, IH, 7=8.05), 7.33 (d, IH, 7=1.83), 7.26 (m, IH), 7.08 (dd, IH, 7=8.05, 7=1.83), 
6.97 (m, 2H), 4.85 (s, 2H), 4.57 (s, 2H), 4.11 (s, 2H), 3.00 (s, 3H). HRMS (M-H) 
calcd for CisHisSNaChOs: 409.0180; found: 409.0190. 

10 

EXAMPLE 32 
Compound 32- A: (4-Methyl-piperazrr\-yl)-acetonitrile 



15 

A mixture of 1-methyI piperazdne (055 mL, 5.0 mmol), potassium 
carbonate (3.49 g, 25 mmol) and chloroacetonitrile (0.34 mL, 5.6 mmol) in 
acetonitrile (3 mL) was stirred at room temperature 8 h. The mixture was 
diluted with diethyl ether and filtered and concentrated to yield the title 
20 compound as yellow crystals (536.6 mg, 77% yield). NMR (500 MHz, 
CDCI3) 8: 3.50 (s, 2H), 2.66 (t, 4H, J=458), 2.52 (bs, 4H), 2.33 (s, 3H). 



Compoxmd 32-B: 2-(4-Methyl-piperazin-l-yl)-€ihylamine 



25 




To a suspension of lithium aluminiim powder (0.16 g, 4.2 mmol) and 
diethyl ether (5.0 mL) cooled to 0 ^C, was added dropwise a solution of tine 
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above compound (0.536 g, 3.86 mmol) dissolved in diethyl ether/THF (14 
mL,l:l). The resisting mixture was stirred at room temperate The 
mixture was cooled to 0 ""C and 2N aqueous NaOH added dropwise. The 
mixture was stirred for 20 min and the precipitate was filtered. The organic 
solution was concentrated and the resulting oil was dissolved in ethylacetate. 
A solution of 4N HQ in dioxane (0.97 mL) added and white precipitate 
filtered to yield the title compoimd as the HCl salt NMR (500 MHz, 
DMSO) 8: 9.48 (s, 2H), 4.18 (m, 6H), 3.75 (m, 2H), 3.68 (m, 2H), 3.26 (m, 2H), 
2.82 (s,3H). 

Compound 32: 4-Hydroxy-l-[2-f4-mefeyl-piperazin-l'-yl)-ethyl1'-5'OXO-2^- 
dihydro'lH-pyrrole-3-carboxylic acid (3.4-dichloro-ben2yl)-methyl-amide 



O OH 




3-[(3,4-Dichloro-benzyl-metfiyl-<arbamoyl]-2-hydroxy-acrylicacid 
methyl ester (Compoimd 12-B) was treated with paraformaldehyde and 2-(4- 
methyl-piperazine-l-yl)-ethyl amine as described in the preparation of 
Compound 12. The resulting residue was piuified by chromatography (YMC 
20 Combiprep ODS-A, 30mm x 50irun, MeOH/H2O/01% TFA) to yield the tide 
compound as an amber glass (27 mg, 12% yield). NMR (300 MHz, DMSO) 
6: 7.63 (d, IH, /=8.42), 7.52 (s, IH), 7.25 (d, IH, /=7.31), 4.59 (s, 2H), 4.24 (m, 
lOH), 4.11 (s, 2H), 3.58 (s, 2H), 2.98 {s, 3H), 2.78 (s, 3H). HRMS (M-H) calcd 
for C2oH25N4Ck03: 439.1303; found: 439.1311. 
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EXAMPLE 33 

Compoxind 33: 4-(4-r(3,4-Dihydro4)enzylVme1hvl<arbamoyl1-3-hvdroxy-^^ 
oxo-23-dihydro-pyirol-l-yll-butyric add methyl ester 



3-[(3,4-DicWoro4jenzyl-methyl-<:aTbamoyl]-2-hydroxy-acrylicacid 
methyl ester (Compoimd 12-B) was treated with paraformaldehyde and 4- 



12. The resulting residue was purified by chromatography (YMC Combiprep 
ODS-A, 30mm x SOmm, MeOH/H2O/0.1% TFA) to yield the title compound 
as an amber oil (18.9 mg, 9% yield). NMR (300 MHz, CDCI3) 5: 7.41 (m, 
2H), 7.09 (m, IH), 460 (s, 2H), 4.18 (s, 2H), 3.65 (s, 3H), 3.55 (t, 2H, /=7.32), 
3.03 (s, 3H), 2.36 (t, 2H, J=7.32), 1.94 (t, 2H, 7=6.95). HRMS (M+H) calcd for 
Ci8H2iN2Cl2053: 415.0827; found: 415.0831. 

EXAMPLE 34 

Compound 34: 3-{4-r(3.4-Dichloro-benzvD-methvl-carbamovll-3-hvdroxv-2- 
oxo-2.5-dihydro-pyrrol-l-yll-propionic add methyl ester 




MeOaC 



aminobutyrate hydrochloride as described in the preparation of Compound 



0 



OH 




COgMe 
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3-[(3,4-I>ichloro4)enzyl-meihylK:arbamoyl]-2-hy add 
methyl ester (Compound 12-B) was treated with paraformaldehyde and p- 
alanine methyl ester as described in the preparation of Compound 12. The 
resulting residue was purified by chromatography (YMC Combiprep ODS-A, 
5 30mm x 50mm, MeOH/H2O/0.1% TFA) to yield tiie title compoimd as an 
amber oil (34.3 mg, 17% yield), m NMR (300 MHz, CDCI3) 5: 7.41 (m, 2H), 
7.09 (m, IH), 4.59 (s, 2H), 4.27 (s, 2H), 3.77 (m, 2H), 3.67 (s, 3H), 3.03 (s, 3H), 
2.69 (t,2H, 7=6.22). HRMS (M+H) calcd for C17H19N2CI2O5: 401.0671; found: 
401.0669. 



10 



15 



EXAMPLE 35 

Compound 35: (3-[2-(2-{4-r(3.4-Dichloro-benzylVmethyl-carbamoyl1-3- _ 
hydroxy-2<>xo-2^"dihydro-pyrrol-l-yl}-acetylamino)-acetylarni^ 
propionylaminol-acetic add 



O OH 




3-[(3,4-Didhloro-benzyl-methyl-carbamoyl]-2-hydroxy-acrylicadd 
methyl ester (Compoxmd 12-B) was treated witii paraformaldehyde and H- 
20 gly-gly-p-ala-gly-OH as described in the preparation of Compoimd 12. Hie 
reaction mixture was diluted with water and ethylacetate. The white solids 
were filtered as the title compoxmd (88.2 mg, 32% yield). NMR (300 MHz, 
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DMSO) 5: 8.31 (t, IH, 7=5.49), 8.20 (t, IH, /=5.49), 7.92 (t, IH, J=5.49), 7.61 (d, 
IH, 7=8.42), 7.52 (s, IH), 7.25 (d, IH, 7=6.59), 4.59 (s, 2H), 4.09 (s, 4H), 3.69 (m, 
6H), 2.94 (bs, 3H), 2.30(t, 2H, 7=7.31). HRMS (M-H) calcd for C22H24N5Ch08: 
556.1002; fotmd: 556.0994. 

5 

EXAMPLE 36 

Compound 36: 4-(4rrf3,4-DicMoro4)enzyl)-methyl<arbamovll-34iydroxy-^^ 
oxo-2^-dihydro-pyTrol-l-yl methvU-benzoic add 



0 OH 




HO2C 



3-[(3,4-DicWoro4jenzyl-meihylKarbamoyl]-2-hydroxy-aaylicadd 
methyl ester (Compound 12-B) was treated witti paraformaldehyde and 4- 
(aminome1hyl)benzoic acid as described in the preparation of Compound 12. 

15 The resulting residue was triturated with dUorof orm to give the title 

compound as a white soUd (160 mg, 71% yield). NMR (300 MHz, DMSO) 
5: 12.94 (s, IH), 11.14 (s, IH), 8.32 (s, IH), 7.93 (d, 2H, 7=8.05), 7.60 (d, IH, 
7=8.45), 7.50 (s, IH), 7.35 (d, 2H, 7=7.84), 7.23 (ds, IH, 7=8.05), 4.66 (s, 2H), 4.57 
(s, 2H), 3.99 (s, 2H), 2.97 (s, 3H). HRMS (M+H) calcd for C2iHi7N2a205: 

20 447.0515; found: 447.0530. 
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EXAMPLE 37 

Compotind 37-A: N-(3,4-DicMoro-benzylV2-(2,2-<iimeth^ 
fl.31dioxolan'4-yKdene)-N-methyl-acetamide 



CI 




o o\l 



CI 



To a suspension of (2,2-Dimethyl--5-oxo-[l^]dioxolan-4-ylidene)-acetic 
add. Compound IH-A, (4,5g, 26.2 mmol) in benzene (30 mL) was added 
oxalyl chloride (15 mL) and the resulting mixture was heated at reflux for 1 h. 

10 The mixture was cooled to room temp, and concentrated. The residue was 
dissolved in methylene chloride (30 mL) and cooled to 0° C. To this was 
added a suspension of (3,4-dichloro--bervzyl)-methyl-ainine hydrochloride salt 
(5.0g, 22.1 mmol) in methylene chloride (30 mL) and pyridine (18 mL). The 
resulting mixture was stirred at room temp for 18 h then diluted with IN 

15 HCL The aqueous phase was saturated with sodium chloride and extracted 
with methylene chloride (3 times). The organic layers were combined, dried 
(Na2S04), and concentrated. The brown oil was purified over silica gel 
eluting with ethyl acetate/hexane (1:1) to give the title compound as a pale 
yellow oil that solidified to a white solid upon standing (6.2g, 82% yield). *H 

20 NMR (300 MHz, DMSO) 5: 7.44 - 7.10 (m, 3H), 6.16 (s, 0.66H), 6.08 (s, 0.33H), 
4.59 (s, 1.33H), 4.53 (s, 0.67H), 3.02 (s, 2H), 2.97 (s, IH), 1.74 (s, 4H), 1.69 (s, 
2H). 
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Compoimd 37: 3-(3-f4-[f3.4-I>idhlorcHben2vl)-methvl<^ 
2oxo-2^-dihydro-pyrrol-l-yl}-propionylaiiiino)-p acid 



A mixture of paraformaldehyde (0.015 g, 0.5 mmol) and methanol (1.5 
mL) was warmed to 55** C. Added to this mixture was H-P-Ala-P-ala-OH 
(0.08 g, 0.5 mmol) and the solution was stirred 5 min. N-(3,4-Dichloro- 
benzyl)-2-(2,2Kiimethyl-5-oxo[l^]dioxolane-4-yUdene)-N-methyl^^^ 
(0.1715 g, 0.5 mmol) was added and the mixture was stirred at 55® C for 45 
min. The mixture Was concentrated and the resulting residue was triturated 
with ethylacetate and filtered to give the desired product as a white solid 



(0.0358 g, 16% yield). iR NMR (300 MHz, DMSO) 5: 2.35 (t, /=6.7 Hz, 4H), 
2.96 (s, 3H), 3.32 (m, 2H), 3.57 (m, 2H), 4.02 (s, 2H), 4.57 (s, 2H), 7.23 (d, 
7=6.6 Hz, IH), 7.51 (s, IH), 7.61 (d, /=8.4 Hz, IH), 8.05 (t, J=10.3 Hz, IH), 
10.97 (s,lH), 12.19 (s,lH). HRMS (M+H) calcd f or C19H21N3CI2O6: 
456.07292; found: 456.0738. 




CO2H 
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Compound 38: 4-Hyckoxy-l"f2-(3"mQrpholin-4"yl-propiQnylamm 
oxO"23-clihydro-lH-pyTrole-'3-carboxylic acid (3.4KiichlorO'baizyl)-methyl- 
amide 



ylidene)-N-methyl-acetanude (Compound 37-A) was treated with 
10 paraformaldehyde and N-(2-amino-ethyl)-3-morpholin-4-yl-propionamide as 
described in the preparation of Compound 37. The desired product was 



isolated as a white soHd (0.0134 g, 5% yield), m NMR (300 MHz, CDCI3) 5: 
2.41 (m, 2H), 2.64 (bs, 2H), 2.72 (bs, 2H), 2.98 (m, 2H), 3.03 (s, 3H), 3.51 (t, 
7=5.6 Hz, 2H), 3.63 (tj=5.2 Hz, 2H), 3.78 (m, 4H), 4.35 (s, 2H), 4.59 (s, 2H), 
15 7.11 (d, 7=8.1 Hz, IH), 7.35-7.44 (m, 3H), 8.27 (t, IH). HRMS (M+H) calcd for 
C22H28N4CI2O5: 497.13585; found: 497.1377. 



5 




N-(3,4-Dichloro-benzyl)-2-(2,2-dimethyl-5<>xcK[l,3]dioxolan-^ 



Attorney Case No.: ITR0069YP UX> 0'//oc>*^(t>5'? 
Filed: July 25, 2006 <p ' , ^ 

US Nafl Phase of: PCTAJS2005/002472 "^T (5 3 
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EXAMPLE 39 

Compoiind 39: (3-(4-[(3,4-DicMoro-baizylV-meihyl-<arbamoyl1-3-hydroxy-2- 
oxo-23-dihvdro-pvrrol-l-vl}-propionvlaininoVaceticadd 



O OH 



5 




N-(3,4-Didiloro-benzyl)-2-(2,2-dime%l-5<)xo-[i;31dioxolan-4^ 
ylidene)-N-methyl-acetamide (Compound 37- A) was treated witii 
paraformaldehyde and H-p-ala-gly-OH as described in the preparation of 

10 Compound 37. The title compound was purified by chromatography (YMC 
Combiprep ODS-A, 30mm x 50mm, MeOH/H2O/0.1% TFA) to yield the title 
compound as an amber powder (0.0158 g, 7% yield). NMR (300 MHz, 
DMSO) 6: 2.45 (t, J=6.9 Hz, 2H), 2.98 (m, 3H), 3.60 (m, 2H), 3.73 (d, /=5.7 
Hz, 2H), 4.06 (s, 2H), 4.57 (s, 2H), 7.23 (d, 7=7.2, IH), 7.65 (d, J=8.4 Hz, IH), 

15 8.32 (m, IH), 10.98 (bs, IH), 12.50 (bs, IH). HRMS (M-H) calcd for 
CisHwNaChOe: 442.05727; found: 442.0584. 

EXAMPLE 40 

Compotmd 40: l-(2-Carbamoyl-ethyl)-4rhydroxy-5-oxo-2,5-dihydro-lH- 
20 pyTrole-3-carboxylic add (3,4rdichloro-ben2yl)-methyl-amide 



O OH 
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N-(3,4-DicWoro-benzyl)-2-(2,2-<iimefl^^ 
yHdene)-N-methy].-acetaimde (Compoimd 37-A) was treated with 
paraformaldehyde and P-alaninamide as described in the preparation of 
Compound 37. The title compound was purified by chromatography (YMC 
5 Combiprep ODS-A, 3Qmm x 50mm, MeOH/H2O/0.1% TFA) to yield the title 
compound as an amber powder (0.0158 g, 7% yield). NMR (300 MHz, 
CDCI3) 5: 2.68 (t, 7=5.9 Hz, 2H), 3.02 (s, 3H), 3.79 (d, /=5.9 Hz, 2H), 4.29 (s, 
2H), 4.58 (s, 2H), 6.23 (s, IH), 6.59 (s, IH), 7.09 (dd, 7=8.4 Hz, 7=10.3 Hz, 
IH), 7.34 (d, 7=1.8 Hz, IH), 7.42 (d, 7=8.4 Hz, IH). HRMS (M-H) calcd for 
10 C16H17N3CI2O4: 384.05179; found: 384.0517. 

EXAMPLE 41 

Compound 41: 4-f4-r(3>4-Dichloro-benzyl)-meti\yl-carbamoyll-3-hydroxy-2- 
oxo-23-dihydro-pyrrol-l-ylmethyll-benzoic add methyl ester 

15 

O OH 




MeOaC . 



N-(3,4-DicWoro-beiTLzyl)-2-(2,2-dimethyl-5H3xo-[l,3]dioxolan-4- 
ylidene)-N-meiiiyl-acetamide (Compound 37-A) was treated with 

20 paraformaldehyde and 4-(aminomefhyl)-benzoate hydrochloride salt with 1 
equivalent of triethyl amine as described in the preparation of Compoimd 37. 
The title compoimd was purified by chromatography (YMC Combiprep 
ODS-A, 30mm x 5Qmm, MeOH/H2O/0.1% TFA) to yield the title compound 
as a yeUow foam (0.060 g, 26% yield). ^H NMR (300 MHz, CDCb) 5: 2.98 (s, 

25 3H), 3.91 (s, 3H), 4.05 (s, 2H), 4.56 (s, 2H), 7.07 (dd, 7=1.8 Hz, 7=8.1 Hz, IH), 
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10 



7.30 (m, 3H), 7.40 (m, 1H), 8.00 (d, 7=8.1 Hz, IH). HRMS (M-H) calcd for 
C22H20N2CI2O5: 461.0671; found: 461.0690. 

EXAMPLE 42 

Compound 42: l-(2<:yano-^thyl)-4-hydroxy-5<)xo-2.5-dihydro4H-pyrrole-3 
carboxylic add (3,4-di<Aloro4)en2ylVmethyl-amide 



N-(3,4-Di(Moro-benzyl)-2-(2;2-<iimethyl-5K)xo-[13]dioxolan 
ylidene)-N-methyl-acetamide (Compound 37-A) was treated wilii 
paraformaldehyde and 3-amjnopropionitirile with 1 equivalent of triethyl 
amine as described in the preparation of Compound 37. The title compound 
was purified by chromatography (YMC Combiprep ODS-A, 30mm x 50mm, 
MeOH/H2O/0.1% TFA) to yield the title compound as a yellow foam (0.0819 
g, 45% yield). NMR (300 MHz, CDCI3) 5: 2.73 (t, 7=6.3 Hz, 2H), 3.04 (s, 
3H), 3.78 (t, 7=6.3 Hz, 2H), 4.40 (s,2H), 4.60 (s,2H), 7.11 (dd, 7=1.8 Hz, 7=8.1 
Hz, IH), 7.35 (d, 7=1.5 Hz, IH), 7.43 (d, 7=8.4 Hz, IH). HRMS (M-H) calcd 
forCieHisNaCbQs: 366.04122; found: 366.0428. 




20 



wo 2004/004657 PCT/US2003/021371 

74 

EXAMPLE 43 

Compovmd 43: 4-Hydroxy4-(3-morpholm-4-yl-propyl)-5-oxo-23-dihydro- 
lH-pyiTole-3-carboxylic add (3.4-dichloro-benzyD-methyl-ainide 



O OH 



5 




N-(3,4-Di(Mor(>l3enzyl)-2-<2,2-<iimethyl-5-oxo-[l^]dio 
ylidene)-N-inethyl-acetamide (Compotind 37-A) was treated with 
paraformaldehyde and N-(3-anunopropyl)morpholine as described in the 
10 preparation of Compound 37. The title compoimd was isolated as a white 
soM (0.1345 g, 61% yield). iR NMR (500 MHz, DMSO) 5: 1.69 (t, J=6.4 Hz, 
2H), 2.25 (s,2H), 2.32 (s,4H), 2.97 (s,3H), 3.40 (t, /=6.4 Hz, 2H), 3.55 (s, 
4H), 4.05 (s, 2H), 4.59 (s, 2H), 7.24 (s, IH), 7.51 (s, IH), 7.62 (d, 7=8.3 Hz, 
IH). HRMS(M-H)calcdforC2oH25N3Cla04: 442.13005; found: 442.1296. 

15 

EXAMPLE 44 

Compound 44-A: 4-Fluoro-benzaldehvde O-methyl-oxime 




20 

A solution of methoxylamine hydrochloride (13.4 g, 0.16 mol) in a 
mixture of water (150 ml) and tetrahydrofuran (50 ml) was treated with 
sodium acetate (11.2 g, 0.136 mol) followed by 4-fluoiobenzaldehyde (11.57 g, 
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93.2 mmol) and the resiolting mixture was stirred at 22 <! for 4 hoxirs. The 
reaction mixture was then diluted wititi etiier, washed with brine and dried 
over anhydroxis magnesitim sulfate. Evaporation of the solvent imder 
reduced pressure gave 14.3 g of the crude title material as a dear oil which 
5 was used as such for the next step. Distillation of an aliquot in vacuo gave a 
dear oil; bp <:/0.5 torr. iRNMR 400 MHz (CDCI3) 5 (ppm) : 3.99 (3H, 
s), 7.09 (2H, m), 7.6 (2H, m), 8.06 (IH, s). 

Compound 44-B: N-(4-Ruoro-benzyl)'0>methyl-hydroxylamine 

10 




A solution of 4-fluorobeiizaldehyde-O-methyloxime (93.2 mmol) in 
dichloromefliane (150 ml) was treated with sodium cyanoborohydride (9.18 

15 g, 0.146 mol) followed by 120 ml of 2 N hydrochloric acid in methanol added 
dropwise over 30 minutes. After 96 h at 22 ^C, the solvent was evaporated 
under reduced pressure and the residue was slurried with water and the pH 
was adjusted to 9 with 2 N aqueous sodium hydroxide. The aqueous phase 
was extracted twice with dichloromethane and the combined organic extracts 

20 were washed, with, brine/ dried (magnesium sulfate) and concentrated under 
reduced pressure. The residual oil was chromatographed on silica gel 
(elution toluene-ethyl acetate 0-10% yield) and gave 5.92 g (41 % yield) of the 
tide amine as a clear oil. iRNMR 400 MHz (CDCI3) 8 (ppm): 3.49 (3H, s), 4.01 
(2H, s), 5.69 (IH, broad s), 7.01 (2H, m), 7.31 (2H, m). The hydrochloride salt 

25 was obtained as a white solid: mp 170-171 °C. Anal, calcd for CgHioFNO- 
HCL- C, 50.14; H, 5.78; N, 7.31. Found: C, 50.31; H, 5.80; N, 7.26 

In an alternative procedure a solution of 4-fluorobenzaldehyde O- 
methylojdme (0.82 g, 5.35 mmol) in acetic add ( 8 ml ) was treated at 10 °C 
with sodimn cyanoborohydride (0.67 g, 10.7 mmol) added in small portions 
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over 10 min and the resulting solution was stirred at 25 <2 for 18 h. The 
solvent was evaporated under reduce pressure (co-evaporation with toluene 
twice) and the residue was slurried with water and the pH was adjusted to 9 
with 2 N aqueous sodium hydroxide. The aqueous phase was extracted 
5 twice with ether and fhe combined organic extracts were washed with brine, 
dried (magnesium sixlfate) and concentrated under reduced pressture. The 
residual oil was chromatographed on silica gel (elution hexane-ethyl acetate, 
8 :2) and distilled in vacuo to give 0.62 g (75 % yield) of tiie titie amine as a 
dear oil. 

10 

Compoimd 44-C: 2-(2,2-Dimethyl'5-oxo-fl3ldioxolan'4-ylidene)-N-(4-fluoro- 
benzylVN-methoxy-acetamide 




15 

A solution of (2,2-dimethyl-5-oxo-[13]dioxolan-4-ylidene)-acetyl 
chloride (2.45 g, 12.9 mmol) in dichloromethane (15 ml) was added dropwise 
over 10 minutes to a cold (0-5 °C) mixture of N-4-fluorobenzyl-O-methyl- 
hydroxylamine (2.0 g, 12.9 rmnol) and pyridine (2.1 ml, 25.7 mmol) in 

20 dichloromethane (50 ml). The cooling bath was then removed and the 

solution was stirred at 22 for 30 minutes. The reaction mixture was then 
quenched by the addition of water and ethyl acetate. The organic phase was 
washed successively with 0.1 N hydrochloric add, saturated sodiiun 
bicarbonate,: brine and dried (magnesiimi sulfate). Evaporation of the solvent 

25 and chromatography of the residue on silica gd (toluene-ethyl acetate, 8:2) 
gave 3.72 g (93 % jdeld) of the title amide as white crystals: mp 111 (ethyl 
acetate-hexane). iRNMR 400 MHz (CDCI3) 5 (ppm): 1.75 (6H, s), 3.68 (3H, s). 
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4.79 (2H, s), 6.38 (IH, s), 7.0 (2H, m), 7.34 (2H, m). Anal, calcd for 
CisHieFNOs: C 58.25, H 5.21, N 4.52; Found: C 58.33, H 5.38, N 4.51. 

Compoimd 44-D: 3-r(4-Huoro-benzyl)-methoxy<arbamoyl1-2-hydroxy- 
5 acrylic add methyl ester 




A solution of 2-(2,2-Hlimethyl-5-oxo-[l,3]dioxolan-4-yUdene)-N-^^ 
10 fluorobei\zyl)-N-methoxy-acetainide (0.64 g, 2.07 mmol) in methanol (50 ml), 
was treated at 22 with 0.025 ml of a 4.6 M solution of sodiimi methoxide in 
methanol and the resulting mixture was stirred for 2h at the same 
temperature. The reaction mixture was then quenched by the addition of 1 
ml of 1 N hydrochloric acid and the solvent was concentrated under reduced 
15 pressure. The residue was diluted with etitiyl acetate, washed with water and 
brine and then dried over anhydrous magnesium sulfate. Evaporation of the 
solvent and crystallization of the residue from a mixture of ethyl acetate and 
hexane gave 0.559 g (95% yield) of the title ester as white prisms; mp 71 ^C. 
iRNMR 400 MHz (CDCI3) 5 (ppm), mixture of rotamers, major: 3.69 (3H, s, 
20 OCH3), 3.89 (3H, s, CXIHs), 4.80 (2H, s, NCH2), 6.45 (IH, s, CH), 7.03 (2H, m, 
aromatics), 7.30 (2H, m, aromatics). Anal, calcd for CisHuFNOs: C, 55.12; H, 
4.98; N, 4.94. Found: C, 54.95; H, 4.73; N, 4.67. 



wo 2004/004657 



PCTAJS2003/021371 



78 

Compound 44: 4-Hvckoxy-l-mettiyl'5K)xo-2^-dihydrO"lH'py^ 

carboxylic add (4-fluoro-benzylVmethoxy-ainide 



O OH 




5 

Method 44A : 3-[(4-Huorobenzyl)-methoxy-<:arbamoyl]-2-hydroxy- 
acrylic acid methyl ester was treated with paraformaldehyde and 
methylamine as described in the preparation of Compoimd 12 to give the title 
compound as a white solid (48% yield); mp 125 dec. ^HNMR 400 MHz 
10 (CDCI3) 5 (ppm): 3.1 (3H, s, NCH3), 3.72 (3H, s, OCH3), 4.15 (2H, s, NCH2), 
4.84 (2H, s, NCH2), 7.04 (2H, m, aromatics), 7.32 (2H, m, aromatics). Anal, 
calcd for C14H15FN2O4: C, 57.14; H, 5.13; N, 9.52. Found: C, 56.87; H, 5.12; N, 
9.42. 

Method 44B : A solution of 2 M methylamine in tetrahydrofuran (0.58 
15 ml, 1.16 mmol) was added to a mixture of paraformaldehyde (0.35 g, 1.16 
mmol, equivalent of formaldehyde) in methanol (3ml) and the resulting 
mixture was heated at 60 for 5 min. Then solid 2-(2,2-dimethyl-5-oxo- 
[l,3]dioxolan-4-ylidene)-N-(4-fluorobenzyl)-N-methoxy-acetamide (0.30 g, 
0.97 mmol) was added all at once and the resulting mixture was maintained 
20 at 60 oC for another 60 min. The reaction mixture was then quenched by the 
addition of ethyl acetate and pH 2 phosphate buffer. The organic phase was 
washed with brine, dried (anhydrous magnesium sulfate) and concentrated 
under reduced pressure. Recrystallization of title solid residue from a mixture 
of ethyl acetate and hexane gave 0.181 g (64% yield) of the title material as a 
25 white soUd. 
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EXAMPLE 45 

Compound 45: 4-Hydroxy-l-(2-morpholinc>-4-yl-ethyl)-5<>xo-23-dihyd^ 
lH-pyrrole-3-carboxylic add (4-fluoro-benzyl)-iiiethoxy-amide 



O OH 
N-^A^O 




o 



3~[(4-Huoro-benzyl)-methoxy-carbamoyl]-2-hydroxy-acry]ic acid 
methyl ester (Compound 44-D) was treated with paraformaldehyde and N- 
(2-aminoethyl) morphiline as described in the preparation of Compoimd 13. 

10 The reaction mixture was diluted with water and extracted the CH2CI2. After 
concentration of the organic phase, the residue was triturated with EtOAc 
and the solid filtered to yield the tide compound as a whitie solid (0.1444 g, 
37% yield). NMR (500 MHz, DMSO) 5: 3.08 (d, 7=11.1 Hz, 2H), 3.41 (d, 
7=5.2 Hz, 2H), 3.51 (d, 7=12.2 Hz, 2H), 3.69 (t, 7=11.9 Hz, 2H), 3.75 (s,3H), 

15 3.81 (s, 2H), 3.98 (d, 7=13.2 Hz, 2H), 4.25 (s, 2H), 4.88 (s, 2H), 7.18 (t, 7=8.8 
Hz,2H), 7.37 (m,2H), 10.11 (s,lH), 11.42 (s,lH). HRMS (M+H) calcd f or 
C19H24FN3O5: 392.16217; found: 392.1627. 
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EXAMPLE 46 

Compotind 46: 4-Hyckoxy-5K)xo-l-(2-piperazin-l-yl-ethyl)-2^-dihydro-lH- 
pyrrole-3-carboxylic add (4-fluoro-benzyl')-methoxy-amide 



3-[(4-Huoro-benzyl)-meiJioxyK:arbainoyl]-2-hydroxy-acrylicadd 
methyl ester (Compound 44-D)was treated with paraformaldehyde and N-(2- 
anunoethyl)piper2izine as described in the preparation of Compotind 13. 
The mixture was purified by diromatography (YMC Combiprep ODS-A, 
30mm X 50mm, MeOH/H2O/0.1% TFA) to yield the title compound as a 
white powder (0.0110 g, 4.3% yield). iR NMR (500 MHz, CDCla) 5: 2.55 (t, 
7=6.2 Hz, 2H), 2.71 (s, 4H), 2.98 (s, 4H), 3.47 (t, 7=5.5 Hz, 2H), 357 (s, 3H), 
4.03 (s, 2H), 4.68 (s, 2H), 6.87 (s, 2H), 7.17 (m, 2H), 9.72 (bs, IH), 11.45 (bs, 
IH). HRMS(M+H)calcdforCi9H25FN404: 391.17816; found: 391.1786. 



Compoxmd 47-A: N-(3.4-Dichloro-benzyl)-0-methyl-hydioxylamine 



O 



OH 




H 



EXAMPLE 47 




CI 



Reaction of 3,4-dichlorobenzalddiyde wititi metiioxylamine 
hydrochloride followed by reduction with sodium cyanoborohydride as 
described in the preparation of Compound 44-A and 44-6 gave the title 
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10 



15 



hydroxylamine as a dear oil. iRNMR 400 MHz (CDCI3) 6 (ppm): 3.48 (3H, s), 
3.99 (2H, s), 5.74 (IH, broad s), 7.20 (IH, dd J = 2.0 Hz and J = 8.1 Hz), 7.40 
(IH, d, J = 8.1 Hz), 7.47 (IH, d, J = 2.0 Hz). 

Compoxind 47-B: N-(3.4-Dichloro-benzvl)-2-(2;2-dirriethvl-5-oxo- 
fl31dioxolan-4-yUdeneVN-methoxy-acetainide 



Reaction of (2,2-dimethyl-5-oxo-[l,3]dioxolan-4-ylidene)-acetyl 
chloride with N-3,4-did:dorobenzyl<)-iiiethyl-hydroxyla]nine as described in 
the preparation of Compound 44-C gave the title amide as a white solid (94 % 
yield): mp 119-120 <C (ethyl acetate-hexane). iHNMR 400 MHz (CDCI3) 5 
(ppm): 1.76 (6H, s), 3.71 (3H, s), 4.72 (2H, s), 6.38 (IH, s), 7.20 (IH, dd , J = 2.0 
Hz and J = 8.5 Hz), 7.40 (IH, d, J = 8.5 Hz), 7.46 (IH, d, J = 2.0 Hz). Anal, 
calcd for Ci5Hi5Cl2N05: C 50.02, H 4.20, N 3.89. Found: C 50.12, H 4.12, N 
3.80. 

Compound 47-C: 3-f(3,4-Dichloro-benzyl)-methoxy-carbamoyn-2-hydroxy- 
acrylic add methyl ester 




O 



OH 




CI 
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N-(3,4-Didilorobenzyl)-2-(2,2Kiimethyl-5K)X(>[i;3]-dioxolan-4- 
ylidene)-N-methoxy-acetamide was treated with meflianol as described in. 
the preparation of Compoiind 44-D and gave the title ester as white crystals 
(95% yield); mp 111 °C. ^HNMR 400 MHz (CDCk) 5 (ppm): 3.72 (3H, s, 
5 OCH3), 3.90 (3H, s, OCH3), 4^77 (2H, s, NCH2), 6.46 (IH, s, CH), 7.17 (IH, dd, 
J = 2.0 Hz J = 8.0 Hz, aromatic), 7.42 (IH, d, J = 8.0 Hz, aromatic), 7.43 (IH, d, 
J = 2.0 Hz, aromatic). Anal, calcd for C13H13CI2NO5 : C, 46.73; H, 3.92; N 4.19. 
Found: C 46.95, H 3.82, N 3.97. 

10 Compoimd 47: 4-Hydroxy-l-methyI-5-oxo-2^-dihydro-lH-pyrrole-3- 
carboxylic acid (3.4-dichloro-benzyl)-methoxy-amide 




15 3-[(3,4-Dichloroben2yl)-methoxy-carbamoyll-2-hydroxy-acrylic acid 

methyl ester (Compound 47-C) was treated with paraformaldehyde and 
methylamine as described in the preparation of Compound 12, yielding the 
title compoimd as a white solid (49% yield); mp 149 °C. ^HNMR 400 MHz 
(CDCI3) 5 (ppm): 3.11 (3H, s, NCH3), 3.75 (3H, s, OCH3), 4.15 (2H, s, NCH2), 

20 4.82 (2H, s, NCH2), 7.18 (IH, dd, J = 2.0 Hz, J = 8.2 Hz, aromatic), 7.42 (IH, d, 
J = 8.2 Hz, aromatic), 7.43 (IH, d, J = 2.0 Hz, aromatic). AnaL calcd for 
C14H14CI2N2O4: C, 48.72; H, 4.09; N, 8.12. Found: C 48.81, H 4.04, N 7.99. 



wo 2004/004657 PCT/US2003/021371 

83 

EXAMPLE 48 

Compoimd 48-A: N-(3<:Moro-4-fluoro-benzyl)<)-me1hyl4\ydroxylamine 




CI 

5 

Reaction of 3-chloro-4-fluorobenzaldehyde with methoxylamjiie 
hydrochloride followed by reduction with sodium cyanoborohydride as 
described in the preparation of Compound 44-A and 44-B gave the tide 
hydroxylamkie as a dear oil. iRNMR 400 MHz (CDCI3) 5 (ppm): 3.48 (3H, s), 
10 3.98 (2H, s), 5.72 (IH, broad s), 7.10 (IH, t), 7.22 (IH, m), 7.42 (IH, m). 

Compoimd 48-B: N-(3-Chloro-4-fluoro-benzyl)-2-(2.2-dimetiiyl-5-oxo- 
f 1 31dioxolan-4-ylidene)-N-methoxy-acetaniide 




15 CI 

Reaction of (2;2-dimetiiyl-5-oxo-[l^]dioxolan-4-ylidene)-acetyl 
chloride with N-(3<Woro-4-fluoroben2ylK)-methyl-hydroxylaitune as 
described in the preparation of Compoimd 44-C gave the tide amide as a 
20 white soUd (91 % yield): mp 110-111 "C (ethyl acetate^exane). iHNMR 400 
MHz (CDCI3) 5 (ppm) : 1.76 (6H, s), 3.71 (3H, s), 4.75 (2H, s), 6.38 (IH, s), 7.09 
(IH, t J = 8.8 Hz), 7.23 (IH, m), 7.41 (IH, dd, J = 2.4 Hz and J = 6.8 Hz). Anal, 
calcd for C15H15CIFNO5: C 52.41, H 4.39, N 4.07. Found: C 52.25, H 4.36, N 
3.87. 
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Compound 48-C: 3-[(3<:MorcH4'fluorO"benzyn-methoxy-carbamoyl1-2- 
hydroxy-acrylic add methyl ester 



O OH 




CI 

5 

N-(3<3iloro-4-fluorobenzyl)"2-(2>dimethyl-5H3xo-[i;3]-^^ 
ylidene)-N-methoxy-acetainide was treated with methanol as described in 
the preparation of Compotind 44-D and gave the tiiie ester as white crystals 
(54% yield); mp 97-98 ^HNMR 400 MHz (CDOa) 5 (ppm): 3.72 (3H, s, 
10 OCH3), 3.90 (3H, s, OCH3), 4.77 (2H, s, NCH2), 6.45 (IH, s, CH), 7.11 (IH, m, 
aromatic), 7.2 (IH, m, aromatic), 7.38 (IH, m, aromatic). Anal, calcd for 
C13H13CIFNO5: C, 49.14; H, 4.12; N, 4.40. Found: C, 48.95; H, 3.96; N, 4.16. 

Compound 48: 4-Hydroxy-l-methyl-5-oxo-23-dihydro-lH'-pyrrole-3- 
15 carboxylic add (3-chloro-4-£luorO'benzylVmethoxy-amide 




CI 



3-[(3<3iloro-4-£luorobenzyl)-methoxy-carbamoyl]-2-hydroxy-acrylic 
20 add methyl ester (48-C) was treated with paraformaldehyde and 

methylamine as described in the preparation of Compoimd 12 to give the title 
compound as a white solid (60% peld); mp 148 ^C dec. ^HNMR 400 MHz 
(CDCI3) S (ppm): 3.10 (3H, s, NCH3), 3.75 (3H, s, OCH3), 4.15 (2H, s, NCH2), 
4.81 (2H, s, NCH2), 7.12 (IH, m, aromatic), 7.22 (IH, m, aromatic), 7.38 (IH, 
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m, aromatic). AnaL calcd for C14H14CI2N2O4: C, 51.15; H, 4.29; N, 8.52. Found: 
C, 51.19; H, 4.17; N, 8.50. 

EXAMPLE 49 

5 Compound 49-A: N-(3-Fluoro4?enzyl)<)-methyl-hydroxylamine 




Reduction 3-fluorobenzaldehyde O-metiiyloxime with sodium 
10 cyanoborohydride as described in the preparation of Compovinds 44-A and 
44-B gave the titie hydroxylamine as a clear oil (60 % yield). ^HNMR 400 
MHz (CDCI3) 5 (ppm): 3.50 (3H, s, OCH3), 4.04 (2H, s, NCH2), 5.75 (IH, broad 
s, NH), 6.95-7.32 (4H, m, aromatics). The hydrochloride salt was obtained as 
a white sohd: mp 130-131 "C ( dec.). Anal, calcd for CsHioFNO-HCl: C, 50.14; 
15 H, 5.78; N, 7.31. Found : C, 50.10; H, 5.73; N, 7.38. 

Compound 49-B: 2-(2,2-Dimethvl-5-oxo-ri;31dioxolan-4-vlideneVN-(3-fluoro- 
benzvD-N-methoxy-acetamide 



20 




Reaction of (2,2-dimethyl-5-oxo-[i;3]dioxolan-4-ylidene)-acetyl 
chloride with N-(3-fluoroben2yl)-0-methyl-hydroxylamine as described in 
the preparation of Compound 44-C and gave the title amide as a white solid 
25 (94% yield): mp 110-111 °C (etiiyl acetate-hexane). iRNMR 400 MHz (CDCI3) 
5 (ppm): 1.76 (6H, s, CH3), 3.70 (3H, s, OCH3), 4.82 (2H, s, NCH2), 6.40 (IH, s. 
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CH), 6.96-7.32 (4H, m, aromatics). Anal, calcd. for CisHieFNOs: C, 58.25; H, 
5.21; N, 4.52. Found: C, 58.00; H, 5.30; N, 4.49. 



Compound 49<:: 3-r(3"Huoro-ben2yl)-methoxy<arbamoyll-2-hydroxy^ 
5 acrylic add methyl ester 




N-(3-Huoroben2yl)-2-(2,2Kiimethyl-5-oxo-[i;3]-d^^ 
10 methoxy-acetamide was treated witii meflianol as described in the 

preparation of Compound 44-D and gave the title ester as white crystals (53% 
yield); mp 73 - 75 ^C. ^HNMR 400 MHz (CDCI3) 5 (ppm): 3.71 (3H, s, OCH3), 
3.90 (3H, s, OCH3), 4.82 (2H, s, NCH2), 6.47 (IH, s, CH), 6.98-7.34 (4H, m, 
aromatics). Anal, calcd for C13H14FNO5: C, 55.12; H, 4.98; N, 4.94. Foimd: C, 
15 55.18; H, 5.04; N, 5.02. 



Compound 49: 4-Hydroxy-l-methyl"5-oxo-2^-dihydro-lH-pyrrole-3- 
carboxylic add (3-fluoro-ben2yl)-methoxy-amide 



20 




3-[(3-Fluorobenzyl)-methoxy-carbamoyl]-2-hydroxy-acrylic add 
methyl ester (Compound 49-C) was reacted with paraformaldehyde and 
methylamine as described in the preparation of Compound 12 to give the title 
25 compoimd as a white solid (60% yield); mp 119 ^C dec. ^HNMR 400 MHz 
(CDCI3) 5 (ppm): 3.11 (3H, s, NCH3), 3.74 (3H, s, OCH3), 4.17 (2H, s, NCH2), 
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4.87 (2H, s, NCHa), 6.99-7.35 (4H, m, aromatics). Anal, calcd for Ci4Hi5FNr204: 
C, 57.14; H, 5.14; N, 9.52. Found: C, 57.04; H, 5.02; N, 9.42. 



EXAMPLE 50 

5 Compovnid 50-A: 2-Fluorobenzaldehyde 0-methyloxime 




Reaction of 2-fluorobenzaldehyde witih methoxylamine hydrochloride 
10 as described in the preparation of Compoimd 44-A gave the titie oxime ether 
as a clear oU (98 % jdeld). HPLC indicated a 91:9 mixture of E- to Z-isomers. 
iHNMR 400 MHz (CDCI3) 5 (ppm) : (E-isomer) 3.99 (3H, s, OCH3), 7.07 (IH, 
m, aromatic), 7.14 (IH, m, aromatic), 7.34 (IH, m, aioinatic), 7.82 (IH, m, 
aromatic), 8.31 (IH, s, CH). 

15 

Compound 50-B: N-f2-Fluoro-benzyl)-0-methyI-hydroxylamine 



F 




20 Reduction of 2-fluorobenzaldehyde O-metixyloxime with sodium 

cyanoborohydride as described in the preparation of Compoimd 44-B gave 
the titie hydroxylamine as a dear oil (74 % yield). ^HNMR 400 MHz (CDCI3) 
5 (ppm): 3.52 (3H, s, OCH3), 411 (2H, s, NCH2), 5.78 (IH, broad s, NH), 7.05 
(IH, m, aromatic), 7.11 (IH, m, aromatic), 7.27 (IH, m, aromatic), 7.38 (IH, m, 

25 aromatic). The hydrochloride salt was obtained as a white solid: mp 138-143 
«C (dec.). Anal, calcd. for CsHioFNO-HCl: C, 50.14; H, 5.78; N, 7.31. Found: 
C, 50.37; H, 5.71; N, 7.18. 



f 
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Compoimd 50-C: 2-(22-Dimeaivl-5-oxo-ri31dioxolan-4-vlideneVN-(2-fluoro- 
benzylVN-methoxy-acetamide 




Reaction of (2,2-dimethyl-5-oxo-[i;3]dioxolan-4-y]idene)-acetyl 
chloride with N-(2-fluorobenzyl)<>methyt-hydxoxylamine as described in 
the preparation of Compound 44-C gave the title amide as a white solid (84 % 
yield): mp 109-111 °C (ethyl acetate^iexane). iRNMR 400 MHz (CDCI3) 5 
10 (ppm): 1.75 (6H, s, CH3), 3.72 (3H, s, OCH3), 4.92 (2H, s, NCH2), 6.40 (IH, s, 
CH), 7.03-7.12 (2H, m, aromatics), 7.24-7.30 (IH, m, aromatic), 7.4 (IH, m, 
aromatic). Anal, calcd. for C15H16FNO5: C, 58.25; H, 5.21; N, 4.52. Found: Q 
58.47; H, 5.16; N, 4.66 

15 Compoimd 50-D: 3-r(2-Fluoro-benzylVmethoxy-caTbamoyl1-2-hydroxy- 
acrylic add methyl ester 




20 N-(2-Fluorobenzyl)-2-(2,2-dimethyl-5-oxo-[13]-dioxolan-4-ylidene)-N- 
methoxy-acetamide was treated with methanol as described in ttie 
preparation of Compoimd 44-D and gave the title ester as a white syrup (59% 
yield). iHNMR 400 MHz (CDCI3) 5 (ppm): 3.73 (3H, s, OCH3), 3.89 (3H, s, 
OCH3), 4.93 (2H, s, NCH2), 6.47 (IH, s, CH), 7.05-736 (4H, m, aromatics). 

25 AnaL calcd for C13H14FNO5: C, 55.12; H, 498; N, 494 Found: C, 5491; H, 
5.23; N, 4.86. 
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Compound 50: 4-Hydroxy4-methyl-5K)xo-23-dihy 
carboxvlic add (2-fluoro-benzyl)-inethoxy-aiiiide 



F O OH 




3-[(2-Huoroben2yl)-methoxyK:arbamoyl]-2-hydroxy-aciyH^ add 
methyl ester (Compound 50-D) was treated wititi paraformaldehyde and 
methylamine as described in the preparation of Compound 12 to give the title 
compound as a white solid (58% yield); mp 147 ^C dec. ^HNMR 400 MHz 
10 (CDCI3) 5 (ppm): 3.1 (3H, s, NCH3), 3.76 (3H, s, OCH3), 4.15 (2H, s, NCH2), 
4.97 (2H, s, NCH2), 7.06-7.39 (4H, m, aromatics). Anal, calcd for C14H15FN2O4: 
C, 57.14; H, 5.14; N, 9.52. Found: C, 57.00; H, 5.29; N, 9.33, 

EXAMPLE 51 

15 Compoimd 51-A: N-(4<3iloro-benzyl)-2-(2.2-dimethvl-5-oxo>ri31dioxolan-4- 
vMene^-N-methoxy-acetamide 




20 Reaction of (2,2-dimethyl-5-oxo-[l^]dioxolan-4-ylidene)-acetyl 

chloride wifli N-(4-chlorobenzyl)0-methyl-hydroxylamine (Kawase, M. et 
al., J. Chem. See. Perkin Trans.l, 1979, 643-645) as described in the 
preparation of compoimd 1-A gave the title amide as white crystals (95 % 
yield): mp 129-130 "C (ethyl acetate-hexane). ^HNMR 400 MHz (CDCI3) 5 

25 (ppm): 1.75 (6H, s, CH3), 3.69 (3H, s, OCH3), 4.79 (2H, s, NCH2), 6.39 (IH, s. 
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CH), 7.4 (4H, s, aromatics). AnaL calcd. for CisHieClNOs: C, 55.31; H, 4.95; N, 
4.30. Found: C, 55.32; H, 4.95; N, 4.27. 

Compound 51-B: 3-f(4<;Moro-benzvlVmethoxy-caibainoyl1-2-hydroxy- 
5 acrylic add methyl ester 

O OH 



N-(4<3ilorobenzyl)-2-(2,2-dimethyl-5-oxo-[i;3]-dioxolan-4-ylidene)-N- 
10 methoxy-acetamide was treated with methanol as described in the 

preparation of Compound 44-D and gave the title ester as a white syrup (52% 
yield). iRNMR 400 MHz (CDCI3) 5 (ppm): 3.70 (3H, s, OCH3), 3.90 (3H, s, 
OCH3), 4.80 (2H, s, NCHa), 6.45 (IH, s, CH), 7.25-7.33 (4H, m, aromatics). 
AnaL calcd for CiaHwONOs: C, 52.10; H, 4.71; N, 4.67. Found: C, 51.86; H, 
15 4.68; N, 4.45. 

Compound 51: 4-Hydroxy-l-methyl-5-oxo-2^-dihydro-lH-pyrrole-3- 
carboxvlic acid (4rchloro-beii2yl)-methoxy-amide 



OH 




N 



I \ / 

' — -M 



20 °- '-"v 



3-[(4<IHorobenzyl)-methoxyK:arbamoyl]-2-hydroxy-a^ add 
methyl ester (Compound 51-B) was treated with paraformaldehyde and 
methylamine as described in the preparation of Compound 12 to give the title 
25 compound as a white solid (69% yield); mp 165 "KZ dec. ^HNMR 400 MHz 
(CDCla) 5 (ppm): 3.10 (3H, s, NCHs), 3.72 (3H, s, OCH3), 4.15 (2H, s, NCH2), 
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4.84 (2H, s, NCH2), 7.25-7.34 (4H, m, aromatics). Anal, calcd for 
C14H15CIN2O4: C, 54.11; H, 4.87; N, 9.02. Found: C, 53.88; H, 4.71; N, 8.78. 



EXAMPLE 52 

5 Compotind 52-A: 4-Fluorophenylacetaldehyde O-methyloxime 




Reaction of 4-fluorophenylacetaldehyde with methoxylamine 
10 hydrochloride as described in the preparation of Compound 44-A gave the 
title oxime ether as a dear oil (43% yield). ^HNMR indicated a 1:1 mixture of 
E- to Z-isomers. iRNMR 400 MHz (CDOa) 5 (ppm): 3.51 (2H, d, J = 6.7 Hz, 
CH2), 3.66 (2H, d, J = 5.5 Hz, CH2), 3.88 (3H, s, OCH3), 3.96 (3H, s, OCH3), 6.79 
(IH, t, J = 5.5 Hz, CH), 7.03 (2H, m, aromatics), 7.19 (2H, m, aromatics), 7.45 
15 (lH,t,J = 6.7Hz,CH). 

Compound 52-B: N-[2-(4-Ruoro-phenyl)-ethyn-0-methyl-hydroxylamine 



H 




20 

Reduction of 4-£luorophenylacetaldehyde O-mefliyloxime with 
sodium cyanoborohydride as described in the preparation of Compoimd 44- 
B gave the title hydroxylamine as a clear oil after chromatography on silica 
gel (62 % yield). iHNMR 400 MHz (CeDe) 6 (ppm): 2.64 (2H, d, J = 7.1 Hz, 
25 CH2), 2.97 (2H, d, J = 7.1 Hz, CH2), 3.53 (3H, s, OCH3), 5.24 (broad, NH), 6.9 
(4H, m, aromatics). 
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Compotincl 52-C: 2-^2.2-Dimethvl-5-oxo-ri31dioxolan-4-vlide neVN-[2-f4- 
fluoro-phenylVethyll-N-methoxy-acetaiidde 




Reaction of (2,2-dimethyl-5-oxo-[l^ldioxolan-4-ylidene)-acetyl 
chloride withN-[2-(4-fluorophenyl)-etiiyl]<:)-methyl-hydroxylainme as 
described in the preparation of Compovind 44-C gave the title amide as white 
crystals (86 % yield): mp 106-107 "C (ethyl acetate-hexane). ^HNMR 400 MHz 
10 (CDCI3) 5 (ppm): 1.76 (6H, s, CH3), 2.95 (2H, m, CH2), 3.72 (3H, s, CXH3), 3.87 
(2H, m, NCH2), 6.38 (IH, broad s, CH), 6.99 (2H, m, aromatics), 7.20 (2H, m, 
aromatics). Anal, calcd for CieHisFNOs: Q 59.43; H, 5.61; N, 4.33. Found: C, 
59.39; H, 5.43; N, 4.13. 

15 Compound 52-D: 3{r2-(4-Huoro-phenyl)-ethvll-inethoxv-carbamovll-2- 
hydroxy-acrylic add methyl ester 




20 2-(2,2-Dimethyl-5-oxo-[13l-dioxolan-4-ylidene)-N-[2-(4-fluorophenyl)- 
ethyl]-N-metho)cy-acetamide was treated with methanol as described in the 
preparation Compound 44-D and gave the tifle ester as a dear oil (66% yield). 
HEMS ( MAB N2 ) calculated for Ci4Hi6FN05:[Ml+: 297.101251; found: 
297.101514. iHNMR 400 MHz (CDCI3) 5 (ppm): 2.95 (2H, t J = 7.6 Hz, CH2), 

25 3.73 (3H, s, OCH3), 3.89 (2H, t, J = 7.6 Hz, CH2), 3.92 (3H, s, OCH3), 6.44 (IH, 
s, CH), 7.0 (2H, m, aromatics), 7.19 (2H, m, aromatics). 
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Compoimd 52: 4-Hydroxy-l-methyl'5-oxo-23Kiihydro4H-py 
carboxvlic add r2-(4-fluoro-phenyl)-ethyl1-methoxy-ainide 




3-{[2-(4-nuorophenyl)-^thyl]-methoxy-^arbamoyl}-2-hydroxy-ac^ 
add methyl ester (Compoiind 52-D) was treated with paraformaldehyde and 
methylamine as described in the preparation of Compoimd 12 to give the title 
compoimd as a white solid (38% yield); mp 157 dec. ^HNMR 400 MHz 
10 (CDOa) 6 (ppm): 2.96 (2H, t, J = 7.6 Hz, CH2), 3.14 (3H, s, NCH3), 3.71 (3H, s, 
OCH3), 3.93 (2H, t, J = 7.6 Hz, CH2), 4.14 (2H, s, NCHs), 7.01 (2H, m, 
aromatics), 7.2 (2H, m, aromatics), 11.55 (IH, broad s, OH). Anal, calcd for 
C15H17FN2O4: C, 58.44; H, 5.56; N, 9.09. Found: C, 58.52; H, 5.66; N, 8.89. 



15 EXAMPLE 53 

Compoimd 53-A: 4-Fluorobenzaldehyde O-ethyloxime 




N 



20 Reaction of 4-fluorobenzaldehyde with ethoxylamine hydrochloride as 

described in the preparation of Compound 44-A gave the title oxime ether as 
a dear oil after chromatography on silica gel (elution toluene-ettiyl acetate 95 
: 5) and distillation (58 % yield). ^HNMR 400 MHz (CDCI3) 5 (ppm): 1.35 (3H, 
t, J = 7.07 Hz, CH3), 4.24 (2H, q, J = 7.07 Hz, OCH2), 7.08 (2H, m, aromatics), 

25 7.59 (2H, m, aromatics), 8.07 (IH, s, CH). 
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Compound 53-B: 0-Elhvl-N-f4-fluoro-benzvlVhvdroxylamine 




5 Reduction of 4-fluorobenzaldehyde O-ethyloxime with sodium 

cyanoborohydride as described in ihe preparation of Compoxmd 44-B gave 
the titie hydroxylamine as a clear oil after chromatography (74 % yield). 
iHNMR 400 MHz (QDe) 6 (ppm): 1.13 (3H, t J = 7.1 Hz, CHs), 3.70 (2H, q, J = 
7.1 Hz, OCH2), 3.78 (2H, d, J = 5.4 Hz, NCH2), 5.20 (2H, broad t, NH), 6.89 
10 (2H, m, aromatics), 7.09 (2H, m, aromatics). Anal, calcd for C9H12FNO: C, 
63.88; H, 7.14; N, 8.27. Found: C, 63.68; H, 7.08; N, 8.46. 

Compound 53-C: 2-(2.2-Dimethvl-5-oxo-ri31dioxolan-4-vlideneV-N-ethoxv- 
N-(4-fluoro-benzyl)-acetamide 




Reaction of (2,2-dimethyl-5-oxo-[l,3]dioxolan-4-ylidene)-acetyl 
chloride with O-ethyl-N-4-fluorobenzyl-hydroxylamine as described in the 

20 preparation of Compovmd 44-C gave the titie amide as white crystals (92 % 
yield): mp 95-96 "C (etiiyl acetate-hexane). iRNMR 400 MHz (CDCI3) 5 
(ppm): 1.27 (3H, t, J = 7.07 Hz, CH3), 1.77 (6H, s, CH3), 3.90 (2H, q, J = 7.07 Hz, 
OCH2), 4.81 (2H, s, NCH2), 6.41 (IH, s, CH), 7.03 (2H, m, aromatics), 7.37 (2H, 
m, aromatics). AnaL calcd for CieHidTSfOs: C, 59.43; H, 5.61; N, 4.33. Found: 

25 C, 59.50; H, 5.60; N, 4.17. 
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Compound 53-D; 3-nBAoxy-(4-fluoro-benzyl)<arbamoyl1-2-hydTOxy-acry]ic 
add methyl ester 




2-(2,2-i:)imethyl-5-oxo-[l^]-dioxolan-4-ylidene)-N-ethoxy-N-(4- 
fluorobenzyl)-acetainide was treated with mettianol as described in the 
preparation of Compotind 44-D and gave the title ester as white crystals (84% 
yield); mp 61-62 ^C. iRNMR 400 MHz (CDCI3) 6 (ppm): 1.28 (3H, t, J = 7.1 Hz, 
10 CH3), 3.91 (3H, s, OOis), 3.92 (2H, q, J = 7.1 Hz, OCH2), 4.82 (2H, s, NCH2), 
6.47 (IH, s, CH), 7.05 (2H, m, aromatics), 7.32 (2H, m, aromatics), 13.5 (IH, 
broad s, OH). Anal, calcd for C14H16FNO5: C, 56.56; H, 5.42; N, 4.71. Found: C, 
56.67; H, 5.25; N, 4.64. 

15 Compoimd 53: 4-Hvdroxv-l-methvl-5<»xo-25Kiihvdro-lH-pvrrole"^^ 
carboxvlic add ethoxv-f4-fluorO'ben2vlVamide 




20 3-|Ethoxy-(4-fluorobenzyl)Karbamoyl]-2-hydro^^ add methyl 

ester (Compound 53-D) was treated with paraformaldehyde and 
methylamine as described in the preparation of Compoimd 12 to give the title 
compoimd as a white solid (50% yield); mp 113-114 oC. ^HNMR 400 MHz 
(CDCI3) 5 (ppm): 1.30 (3H, t, J = 7.1 Hz, CH3), 3.12 (3H, s, NCH3), 3.96 (2H, q, 

25 J = 7.1 Hz, OCH2), 4.16 (2H, s, NCH2), 4.86 (2H, s, NCH2), 7.06 (2H, m. 
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aromatics), 7.33 (2H, m, aromatics), 11.65 (IH, broad s, OH). Axial, calcd for 
C15H17FN2O4: C, 58.43; H, 5.55; N, 9.08. Found: C, 58.30; H, 5.55; N, 9.03. 



EXAMPLE 54 

5 Compound 54-A: 3.4-Difluorobenzaldehvde O-methyloxiine 



Reaction of 3,4-difluorobenzaldehyde with methoxylamine 
10 hydrochloride as described in the preparation of Compotind 44-A gave the 
title oxime ether as a dear oil (100 % yield). ^HNMR indicated a 85:15 
mixture of E- to Z-isomers. iHNMR 400 MHz (CDCI3) 5 (ppm): (E-isomer) 
3.97 (3H, s, OCH3), 7.12-7.26 (2H, m, aromatics), 7.44r-752 (IH, m, aromatic), 
7.97(lH,s,CH). 

15 

Compoxmd 54-B: N-(3.4-Difluoro-benzvl^-0-methvl-hvdroxvlamine 




20 Reduction of 3,4-difluorobenzaldehyde O-methyloxime with sodium 

C5ranoborohydride as described in the preparation of Compotmd 44-B gave 
the tide hydroxylamine as a dear oil (82 % yield). ^HNMR 400 MHz (CDCI3) 
5 (ppm): 3.48 (3H, s, OCH3), 3.98 (2H, s, NCH2), 5.73 (IH, broad s, NH), 7.04- 
7.23 (3H, m, aromatics). The hydrochloride salt was obtained as a white solid: 

25 mp 139-142 (dec.). AnaL calcd. for C8H9F2N02-Ha: C, 45.83; H, 4.80; N, 
6.68. Found: C, 45.96; H, 4.93, N, 6.67. 
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Compound 54-C: N-(3.4-Difluoro-beiizyl)-2-(23-<iimethyl-5-oxo- 
[1 31dioxolan-4-yMene)-N-methoxy-acetainide 




Reaction of (2,2Kiimethyl-5-oxo-[l^]dioxolan-4-ylidene)-acetyl chloride 
with N-3,4-difluorobenzyl-0-methyl-hydroxylan\ine as described in the 
preparation of Compound 44-C gave the title amide as a white solid (96 % 
yield): mp 110-111 oC (ethyl acetate-hexane). 1HNMR400 MHz (CDCI3) 5 
10 (ppm): 1.76 (6H, s, CHb), 3.71 (3H, s, OCH3), 4.72 (2H, s, NCH2), 6.38 (IH, s, 
CH), 7.05-7.22 (3H, m, aromatics). Anal, calcd. for C15H15NO5: C, 55.04; H, 
4.62; N, 4.28. Found: C, 54.99; H, 4.55; N, 4.22. 

Compoimd 54-D: 3-rf3.4-Difluoro-benzyl)-methoxy-carbamoyll-2-hydroxy'- 
15 acrylic acid methyl ester 




N-(34-Difluorobenzyl)-2-(2,2Kiimethyl-5-oxo-[l^]-diox 
20 ylidene)-N-methoxy-acetamide was treated with methanol as described in 
the preparation of Compoimd 44-D and gave the title ester as white crystals 
(53% yield); mp 76-77 ^HNMR 400 MHz (CDCI3) 8 (ppm): 3.72 (3H, s, 
OCH3), 3.90 (3H, s, OCH3), 4.77 (2H, s, NCH2), 6.45 (IH, s, CH), 7.05-7.19 (3H, 
m, aromatics). AnaL calcd for Ci3Hi3F2NQ5: C, 51.83; H, 4.35; N, 4.65. Found: 
25 C, 51.78; H, 4.28; N, 4.53. 
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Compoxind 54: 4rHydroxy4-meihyl-5K)Xo-23-dihydrO'lH-pv^ 
carboxylic acid (3.4'-difluoro47enzyl)-melhQxy-ainide 




5 

3-I(34-Difluoroben2yl)-methoxy<arbamoyl]-2-hydrox^^ 
methyl ester (Compound 54-D) was treated with paraformaldehyde and 
methylamine as described in the preparation of Compotmd 12 to and gave 
the title compound as a white solid (53% yield); mp 146-147 ^C. ^HNMR 400 
10 MHz (CDCI3) 5 (ppm): 3.11 (3H, s, NCH3), 3.74 (3H, s, OCH3), 4.16 (2H, s, 
NCH2), 4.79 (2H, s, NCH2), 7.06-7.19 (3H, m, aromatics). Anal, calcd for 
C14H14F2N2O4: C, 53.84; H, 4.51; N, 8.97. Found: C, 53.82; H, 4.41; N, 8.87. 

EXAMPLE 55 

15 Compoimd 55- A: 4-Methoxybenzaldehyde O-methyloxime 




Reaction of 4-methoxybenzaldehyde witti methoxylamine 
20 hydrochloride as described in ttie preparation of Compound 44-A gave the 
title oxime ether as a clear oil ( 100 % yield ). ^HNMR indicated a 95:5 
mixture of E- to Z- isomers. ^HNMR 400 MHz (CDOa) 5 (ppm): (E-isomer) 
3.83 (3H, s, CX:H3), 3.94 (3H, s, OCH3), 6.89 (2H, m, aromatics), 7.52 (2H, m, 
aromatics), 8.05 (IH, s, CH). 
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Compound 55-B: N-f4-M eihoxv-benzvn-0-methvl-hvdroxvlairune 




5 Reduction of 4-inethoxybenzaldehyde O-metiiyloxime with sodium 

cyanoborohydride as described in the preparation of Compound 44-B gave 
the title hydroxylamine as a dear oil (96 % yield). ^HNMR 400 MHz (CDCI3) 
5 (ppm): 3.49 (3H, s, OCH3), 3.79 (3H, s, OCH3), 3.98 (2H, s, NCH2), 5.62 (IH, 
broad s, NH), 6.86 (2H, m, aromatics), 7.25 (2H, m, aromatics). The 
10 hydrochloride salt was obtained as a white solid: mp 157-158 °C (dec.). Anal, 
calcd. for C9H13NO2-HCI: C, 53.03; H, 6.92; N, 6.87. Found; C, 53.14; H, 6.76; 
N,6.80. 

Compound 55-C: 2-<2^-Dimethv l-5-oxo-fl31dioxolan-4-vHdeneVN-methoxy- 
15 (4-methoxy-benzylVacetamide 




Reaction of (2,2-dimetiiyl-5-oxo-[13]dioxolan-4-ylidene)-acetyl 
20 chloride with N-(4-metho;qrbenzyl)-0.methyl-hydroxylamine as described in 
the preparation of Compound 44-C gave tiie title amide as white crystals (97 
% yield): mp 113-114 <: (ettiyl acetate-hexane). iHNMR 400 MBiz (CDCI3) S 
(ppm): 1.75 (6H, s, CH3), 3.66 (3H, s, OCH3), 3.79 (3H, s, OCH3), 4.77 (2H, s, 
NCH2), 6.38 (IH, s, CH), 6.85 (2H, m, aromatics), 7.29 (2H, m, aromatics). 
25 Anal, calcd. for CieHwNOe: C, 59.80; H, 5.96; N, 4.35. Found: C, 59.87; H, 5.76; 
N,4.17. 
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Compound 55-D: 2-Hvdroxy-3-fmethoxy-(4-methoxy-ben2yl)-carbamoyll- 
acrvlic add methyl ester 



MeO' 




5 



2-(2>Dimethyl-5-oxo-[l^]-dioxolan-4-y]idene)-N-methoxy-N-(4- 
methoxybenzyl)-acetamide was treated with methanol as described in the 
preparation 6£ Compound 44-D and gave the title ester as white crystals (56% 
yield); mp 87-89 -C. iHNMR 400 MHz (CDCI3) 5 (ppm): 3.67 (3H, s, OCH3), 
10 3.80 (3H, s, OCH3), 3.89 (3H, s, OCH3), 4.77 (2H, s, NCH2), 6.44 (IH, s, CH), 
6.87 (2H, m, aromatics), 7.26 (2H, m, aromatics). AnaL calcd for C14H17NO6: C, 
56.94; H, 5.80; N, 4.74. Found: C, 57.03; H, 5.82; N, 4.68. 

Compoimd 55: 4-Hvdroxy-l-methyl-5-oxo-25-dihydro-lH-pyrrole-3- 
15 carboxylic add methoxy-(4-methoxy4?enzvlV-amide 



20 methyl ester (Compound 55-D) was treated witti paraformaldehyde and 

methylamine as described in the preparation of Compound 12 to give the title 
compound as a white solid (58% jdeld); mp 135-137 °C. iRNMR 400 MHz 
(CDCI3) 5 (ppm): 3.09 (3H, s, NCH3), 3.71 (3H, s, OCH3), 3.80 (3H, s, OCH3), 
4.14 (2H, s, NCH2), 4.82 (2H, s, NCHa), 6.88 (2H, m, aromatics), 7.27 (2H, m, 

25 aromatics). Anal, calcd for CisHisNaOs: C, 58.81; H, 5.92; 9.14 Found: C, 
58.62; H, 5.88; N, 9.12. 



0 



OH 




2-Hydroxy-3-[mefhoxy-(4-mettioxybeitzyl)-carbamoyl]-acrylicadd 
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EXAMPLE 56 



Compound 56-A: 2-Methylbenzaldehyde O-methyloxime 




5 



Reaction of 2-inethylbenzaldehyde with methoxylamine 
hydrochloride as described in the preparation of Compound 44-A gave the 
title oxime ether as a clear oil (96 % yield). HPLC indicated a 95:5 mixture of 
E- to Z-isomers. iRNMR 400 MHz (CDCI3) 6 (ppm): (E-isomer) 2.44 (3H, s, 
10 CH3), 4.01 (3H, s, OCH3), 7.19-7.28 (3H, m, aromatics), 7.73 (IH, m, aromatic), 
8.36(lH,s,CH). 

Compound 56-B: 0-Methyl-N-(2-methyl-ben2yl)-hydroxylarmne 



the title hydroxylamine as a dear oil (83 % yield). iHNMR 400 MHz (CDCI3) 
20 8 (ppm): 2.42 (3H, s, CH3), 3.55 (3H, s, OCH3), 4.11 (2H, s, NCH2), 5.64 (IH, s, 
NH), 7.19-7.32 (4H, m, aromatics). The hydrochloride salt was obtained as a 
white soUd: mp 148-150 °C. Anal, calcd. for C9H13NO-HCI: C, 57.60; H, 7.51; 
N, 7.46. Found: C, 57.59; H, 7.69; N, 7.52. 



15 




Reduction of 2-methylbenzaldd:iyde O-methyloxime with sodium 
cyanoborohydride as described in the preparation of Compound 44-B gave 



wo 2004/004657 



PCT/US2003/021371 



102 

Compound 56-C: 2-(2.2-Dimethyl-5-oxo-ri31dioxQlan-4-yUdene)-N-met^^ 
N-(2"methvl-benzyl)"acetamide 




5 

Reaction of (2,2-dimethyl-5-oxo-[i;3]dioxolan-4-ylidene)-acetyl 
chloride with N-(2-methy]beiizyl)-0-methyl-hydroxylaini^ as described in 
the preparation of Compound 44rC gave tihie title amide as white crystals (100 
% yield): mp 96-97 oC (ethyl acetate-hexane). ^HNMR 400 MHz (CDCb) 5 
10 (ppm): 1.78 (6H, s, CH3), 2.4 (3H, s, CH3), 3.59 (3H, s, OCH3), 4.89 (2H, s, 
NCH2), 6.44 (IH, s, CH), 7.2-7.28 (4H, m, aromatics). Anal, calcd. for 
C16H19NO5: C, 62.94; H, 6.27; N, 4.59. Found: C, 62.90; H, 6.21; N, 4.52 

Compoiind 56-D: 2-Hydroxy-3"fmethoxy-(2-methyl-benzvl)'<:arbamoyl1- 
15 acrylic methyl ester 




2-(2,2-Dimethyl-5-oxo-[l^]-dioxolan-4-ylidene)-N-methoxy-N-(2- 
20 methylbenzyl)-acetamide was treated with methanol as described in the 

preparation of Compound 44-D and gave the title ester as white crystals (61% 
yield); mp 80-82 <!. iRNMR 400 MHz (CDCI3) 5 (ppm): 2.39 (3H, s, CH3), 3.62 
(3H, s, OCH3), 3.92 (3H, s, OCH3), 4.89 (2H, s, NCH2), 6.5 (IH, s, CH), 7.22- 
7.28 (4H, m, aromatics), 13.5 (IH, broad s, OH). AnaL calcd for C14H17NO5: C, 
25 60.20; H, 6.13; N, 5.01. Found: C, 60.07; H, 5.88; N, 4.84. 
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Compound 56: 4-Hydroxy-l-methvl-5-Qxo-2^-dihydro-lH-pyrrole-3- 
carboxylic add methoxy-(2-methyl-beiizvlVamide 




OH 



2-Hydroxy-3-[metiioxy-(2-methylbenzyl)Karbamoyl]-aCTylicacid 
methyl ester (Compound 56-D) was treated with paraformaldehyde and 
methylamine as described in the preparation of Compound 12 to give the title 
compound as a white solid (61% yield); mp 153-154 °C. iHNMR 400 MHz 
10 (CDCI3) 5 (ppm): 2.39 (3H, s, CH3), 3.13 (3H, s, NCH3), 3.67 (3H, s, OCH3), 
4.19 (2H, s, NCH2), 4.95 (2H, s, NCH2), 7.2-7.3 (4H, m, aromatics), 11.7 (IH, 
broad s, OH). AnaL calcd for C15H18N2O4: C, 62.05; H, 6.24; N, 9.65. Found: C, 
61.79; H, 6.30; N, 9.58. 

15 EXAMPLE 57 

Compovind 57-A: 3-Bromo-4-fluorobenzaldehvde O-methyloxime 



20 Reaction of 3-bromo-4-fluorobenzaldehyde with methoxylamine 

hydrochloride as described in the preparation of Compound 44-A gave the 
title oxime ether as a clear oil (95 % yield). ^HNMR indicated a 95:5 mixture 
of E- to Z-isomers. 1HNMR400 MHz (CDCb) 6 (ppm): (E-isomer) 3.97 (3H, 
s, OCH3), 7.12 (IH, m, aromatics), 7.48 (IH, m, aromatic), 7.82 (IH, m, 

25 aromatic), 7.97 (lH,s,CH). 



I 
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Compound 57-B: N~(3"BromQ-4-fluoro-ben2yl)<)-methyl-hydroxvlan^ 




5 Reduction of 3-broino-4-fluorobenzaldehyde O-methyloxime with 

sodixxm cyanoborohydride as described in the preparation of Compound 44- 
B gave the title hydroxylamine as a clear oil (83 % jdeld). ^HNMR 400 MHz 
(CDCI3) 5 (ppm): 3.48 (3H, s, CXZHs), 3.99 (2H, s, NCH2), 7.08 (IH, m, 
aromatic), 7.27 (IH, m, aromatic), 7.57 (IH, m, aromatic). The hydrochloride 
10 salt was obtained as a white solid: mp 150-151 ^C. Anal calcd. for 

CsHgBrFNO-HCl: C, 35.52; H, 3.73; N, 5.18. Found: C, 35.54; H, 3.61; N, 5.12. 

Compound 57-C: N-(3-Bromo-4-fluoro-benzvlV2-(2.2-dimethyl-5-oxo- 
fl31dioxolan-4-ylideneVN-methoxy-acetamide 




Br 



Reaction of (2,2-dimethyI-5-oxo-[13]dioxolan-4-ylidene)-acetyl 
chloride with N-3-bromo-4-fluorobenzyl-0-methyl-hydroxylamine as 

20 described in the preparation of Compoimd 44-C gave the title amide as a 

white solid (100 % yield): mp 117-119 ^C (ethyl acetate-hexane). ^HNMR 400 
MHz (CDCI3) 5 (ppm): 1.75 (6H, s, CH3), 3.71 (3H, s, OCH3), 4.76 (2H, s, 
NCH2), 6.38 (IH, s, CH), 7.07 (IH, m, aromatic), 7.28 (IH, m, aromatic), 7.56 
(IH, m, aromatic). Anal, calcd. for CisHisBrFNQs: C, 46.41; H, 3.89; N, 3.61. 

25 Found: C, 46.43; H, 4.01; N, 3.53. 
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Compound 57-0: 3-r(3-Bromo-4-fluoro-benzylVmethoxy<arbamQyl]'2- 
hvdroxv-acrvlic add methyl ester 




Br 

5 

N-(3-Bromo-4rfluorobenzyl)-2-(2;2-dimethyl-5K)xo-[l^]-^^ 
ylidene)-N-methoxy-acetamide was treated with methanol as described in 
the preparation of Compoimd 44^D and gave the title ester as white crystals 
(44% yield); mp 107-108 ^HNMR 400 MHz (CDCI3) 8 (ppm): 3.72 (3H, s, 
10 OCH3), 3.90 (3H, s, OCH3), 4.77 (2H, s, NCH2), 6.45 (IH, s, CH), 709 (IH, m, 
aromatic), 7.25 (IH, m, aromatic), 7.53 (IH, m, aromatic). Anal, calcd for 
CisHisBrFNOs: C, 43.11; H, 3.62; N, 3.86. Found: C, 43.10; H, 3.54; N, 3.87. 

Compound 57: 4-Hvdxoxy-l-mefliyI-5K>xo-23-dihydro-lH-p\nTO 
15 carboxylic add (3-bromO"4rfluoro-ben2vl)-methoxy-amide 




Br 



3-[(3-Bromo-4-fluorobenzyl)-methoxy-carbamoyl]-2-hydroxy-acrylic 
20 add methyl ester (Compoimd 57-D) was treated with paraformaldehyde and 
methylamine as described in the preparation of Compoimd 12 to give the title 
compound as a white solid (35% yield); mp 154-157 ^C dec. ^HNMR 400 MHz 
(CDCb) 6 (ppm): 3.11 (3H, s, NCH3), 3.75 (3H, s, OCH3), 4.15 (2H, s, NCH2), 
4.81 (2H, s, NCH2), 7.1 (IH, m, aromatic), 7.27 (IH, m, aromatic), 7.54 (IH, m. 
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aromatic). Anal, calcd for Ci4Hi4BrFN204: C, 45.06; H, 3.78; N, 7.50, Found: C, 
44.80; H, 3.81; N, 7.33. 

EXAMPLE 58 

5 Compound 58-A: 4-Pluorobenzaldehyde O-isobutyloxime 




Reaction of 4-£luorobenzaldehyde with O-isobutyl-hydroxylamine 
10 hydrochloride as described in the preparation of Compound 44-A gave the 
title oxime ether as a dear oil after chromatography on silica gel (elution 
toluene-ethyl acetate 95:5), (77 % yield). iRNMR 400 MHz (CDCI3) 6 (ppm): 
0.98 (6H, d, J = 6.5 Hz, CH3), 2.07 (IH, m, CH), 3.95 (2H, dj = 7.18 Hz, 
OCH2), 7.08 (2H, m, aromatics), 7.59 (2H, m, aromatics), 8.08 (IH, s, CH). 
15 Anal, calcd for C11H14FNO: C, 67.67; H, 7.22; N, 7.17. Found: C, 67.71; H, 7.32; 
N,7.38 

Compound 58-B: N-(4-Fluoro-benzyl)-0-isobutyl-hydroxylamine 



20 




Reduction of 4-fluorobenzaldehyde O-isobutyloxime with sodium 
cyanoborohydride as described in the preparation of Compoimd 44-B gave 
the title hydroxylamine as a dear oil after chromatography (65 % yield). 
25 iHNMR 400 MHz (QDe) 5 (ppm): 0.87 (6H, d, J = 6.75 Hz, CH3), 1.88 (IH, m, 
CH), 3.46 (2H, d, J = 6.41 Hz, OCH2), 4.05 (2H, s, NCH2), 7.04 (2H, m. 
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aromatics), 7.37 (2H, m, aromatics). Anal, calcd for CnHieFNO: C, 66.98; H, 
8.17; N, 7.10. Found: C, 66.88; H, 7.97; N, 7.32. 

Compound 58-C; 2-(2.2-Diinethvl-oxo-ri31dioxolan-4-vlidene)-N-(4-fluoTO- 
5 benzyD-N-isobutoxy-acetamide 




Reaction of (2^-<iiinethyl-5-oxo-[l^]dioxolan-4-ylidene)-acetyl 
10 chloride with N-(4-fluorobenzyl)-0-isobutyl-hydxoxylaimne as described in 
the preparation of Compound 44-C gave the title amide as white crystals (91 
% yield): mp 105-106 "C (e%l acetate-hexane). ^HNMR 400 MHz (CDCI3) 5 
(ppm): 0.98 (3H, d, J = 6.45 Hz, CH3), 1.77 (6H, s, CH3), 1.95 (IH, m, CH), 3.64 
(2H, d, J = 6.63 Hz, OCH2), 4.80 (2H, s, NCH2), 6.41 (IH, s, CH), 7.03 (2H, m, 
15 aromatics), 7.36 (2H, m, aromatics). Anal, calcd for C18H22FNQ5: C, 61.53; H, 
6.31; H, 3.98. Found: C, 61.47; H, 6.39; N, 3.97. 

Compoimd 58-D: 3-f(4-Fluoro-benzyl)-isobutoxv-carbamoyn-2-hydroxy- 
acrylic acid methyl ester 




2-(2>r>imethyl-5K)xo-[l,3]-dioxolan-4-ylidene)-N-(4-fluorobenzyl)-N- 
isobutoxy-acetamide was treated with methanol as described in ttie 
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preparation of Compovmd 44-D and gave the title ester as white crystals (48% 
yield); mp 55-56 °C. ^HNMR 400 MHz (CDCI3) 6 (ppm): mixture of rotamers: 
0.99 (6H, d, J = 7.1 Hz, CH3), 1.96 (IH, m, CH), 3.65 (2H, d, J = 6.0 Hz, OCH2), 
3.91 (3H, s, OCH3), 4.81 (2H, s, NCH2), 6.49 (IH, s, CH), 7.05 (2H, m, 
5 aromatics), 7.33 (2H, m, aromatics), 13.4 (IH, broad s, OH). HRlv© ( ES+ ) 
calculated for C16H21FNO5, [M+H]+: 326.140376 ; found: 326.139560. 

Compound 58: 4-Hydroxy-l-methvl-5-oxo-2^-dihydro-lH-pyrrole-3- 
carboxylic acid (4-fluoro-benzyl)-isobutoxy-amide 



3-[(4-Huorobenzyl)-isobutoxy-<arbamoyl]-2-hydroxy-acrylicacid 
methyl ester (Compotind 58-D) was treated with paraformaldehyde and 

15 methylamine as described in the preparation of Compound 12 to give tiie title 
compound as a white solid (40% yield); mp 96-97 °C. ^HNMR 400 MHz 
(CDCI3) 6 (ppm): 0.98 (6H, d, J = 6.5 Hz, CH3), 1.96 (IH, m CH), 3.12 (3H, s, 
NCH3), 3.69 (2H, d, J = 6.4 Hz, OCH2), 4.1 (2H, s, NCH2), 4.85 (2H, s, NCH2), 
7.06 (2H, m, aromatics), 7.33 (2H, m, aromatics), 11.65 (IH, broad s, OH). 

20 HRMS ( ES+ ) calculated for C17H22FN2O4, [M+H]+: 337.156361 ; found: 
337.156153. 



10 



O 



OH 
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EXAMPLE 59 

Compound 59-A: 2-Hydroxy-3-[methoxy-(4-methyl-benzyl)-carba^ 
acrylic add methyl ester 



2-(2,2-Dimethyl-5-oxo-[l^]Hiioxolaii-4-yUdene)-N-methoxy^ 
methylben2yl)-acetamide, prepared using the methods described in the 
previous examples, was treated with methanol as described in the 

10 preparation of Compound 44-D to give iiie title ester as white crystals (69% 
yield); mp 83-84 ^C. 1HNMR400 MHz (CDCI3) 5 (ppm): 2.59 (3H, s, CH3), 3.94 
(3H, s, OCH3), 4.15 (3H, s, OCH3), 5.05 (2H, s, NCH2), 6.72 (IH, s, CH), 7.41 
(2H, d, J = 8.1 Hz, aromatics), 7.47 (2H, d, J = 8.1 Hz, aromatics), 13.75 (IH, 
broad s, OH). AnaL calcd for C14H17NO5: C, 60.20; H, 6.13; N, 5.01. Found: C, 

15 60.24; H, 6.09; N, 4.85. 

Compound 59: 4-Hydroxy-l-methyl-5oxo-2.5-dihydrO"lH-pyrrole-3- 
carboxylic acid methoxy-(4-methyl-benzyl)-amide 



2-Hydroxy-3-[methoxy-(4-mettiylbenzyl)-carbamoyl]-acrylic add 
methyl ester (Compound 59-A) was treated with paraformaldehyde and 
methylamine as described in the preparation of Compoimd 12 to give the title 
25 compound as a white solid (41% yield); mp 150-152 <!. ^HNMR 400 MHz 



(CDCI3) 5 (ppm): 2.4 (3H, s, CH3), 3.16 (3H, s, NCH3), 3.78 (3H, s, OCH3), 4.21 





20 



\ 



r 
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(2H, s, NCH2), 4.91 (2H, s, NCH>), 7.22 (2H, d, J = 8 Hz, aromatics), 7.28 (2H, 
d, J = 8 Hz, aromatics), 11.7 (IH, broad s, OH). Anal, calcd for C15H18N2O4: C, 
62.05; H, 6.24; N, 9.65. Found: C, 61.91; H, 6.30; N, 9.56. 

5 EXAMPLE 60 

Compound 60-A; 2,4-CHfluorobenzaldehyde O-methyloxime 



F 




10 Reaction of 2,4-difluorobenzaldehyde with meti\oxylamine 

hydrochloride as described in the preparation of Compoimd 44-A gave the 
titie oxime ether as a dear oil (80 % yield). ^HNMR indicated a 95:5 mixture 
of E- and Z-isomers. iRNMR 400 MHz (CDCI3) 5 (ppm): (E-isomer) 3.98 (3H, 
s, OCH3), 6.79-6.91 (2H, m, aromatics), 7.79-7.85 (IH, m, aromatic), 8.24 (IH, 

15 s, CH). 

> Compoimd 60-B: N-(2,4-Dtfluoro-benzyl)-0-methyl-hydroxylamine 



F 




20 

Reduction of 2,4-difluorobenzaldehyde O-methyloxime with sodium 
cyanoborohydride as d^cribed in the preparation of Compound 44-B gave 
Hie titie hydroxylamine as a dear oil (72 % yield). ^HNMR 400 MHz (CDCb) 
6 (ppm): 3.51 (3H, s, OCH3), 4.07 (2H, s, NCH2), 6.78-6.88 (2H, m, aromatics), 
25 7.32-7.38 (IH, m, aromatic). The hydrochloride salt was obtained as a white 
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soM: mp 154-158 (dec.). Anal, calcd. for CsHgNOa-HQ: Q 45.83; H, 4.80; 
N, 6.68. Found: Q 45.81; H, 4.84; N, 6.59. 

Compotind 60-C: N-(2.4-DifLuoro-benzvl)-2-(22-dimethvl-5-oxo- 
5 fl3]dioxolan-4-ylidgie)-N-inethoxy-acetamide 




Reaction of (2,2-diinethyl-5-oxo-[l^]dioxolan-4-ylidene)-acetyl 
10 chloride with N-2,4-difluoroben2yl<)-inethyl-hydroxylanune as described in 
the preparation of Compoimd 44-C gave the title amide as a white solid (97 % 
yield): mp 120-125 °C (ethyl acetate-hexane). iRNMR 400 MHz (CDCI3) 5 
(ppm): 1.75 (6H, s, CH3), 3.73 (3H, s, OCH3), 4.86 (2H, s, NCHa), 6.38 (IH, s, 
CH), 6.78-6.87 (2H, m, aromatics), 7.37-7.43 (IH, m, aromatic). Anal, calcd. 
15 for CisHisFzNOs: C, 55.04; H, 4.62; N, 4.28. Found: C, 55.03; H, 4.43; N, 4.17. 

Compovmd 60-D: 3r(2,4-Difluoro-benzyl)-methoxy-carbamoyn-2-hydroxy- 
acrylic add methyl ester 



F O OH 



20 




N-(2,4-Difluorobenzyl)-2-(2^-dimefhyl-5K)xo-[l^]-dioxolan-4- 
y]idene)-N-methoxy-acetainide was treated with methanol as described in 
the preparation of Compound 44-D and gave the title ester as white crystals 
25 (55% yield); mp 104-105 "C. iHNMR 400 MHz (CDCb) 5 (ppm): 3.73 (3H, s, 
OCH3), 3.89 (3H, s, OCH3), 4.87 (2H, s, NCH2). 6.45 (IH, s, CH), 6.8-6.9 (2H, 
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m, aromatics), 73\-72>7 (IH, m, aromatic). Anal, calcd for C13H13F2NO5: C, 
51,83; H, 4.35; N, 4.65. Found: Q 51.68; H, 4.27; N, 4.53. 



Compound 60: 4-Hvdroxv-l-methvl-5-oxo-25-dihvdro-lH -pwrole'3^ 
5 carboxvlic add (2,4-difluoro-ben2;vlVmettioxv-anude 




3-[(24-Difluorobenzyl)-methoxy<arbamoyl]-2-hydroxy-acrylicacid 
10 methyl ester (Compoimd 60-D) was treated with paraformaldehyde and 

methylamine as described in the preparation of Compoimd 12 to give the title 
compound as a white soUd (55% yield); mp 141-149 °C, dec. iRNMR 400 
MHz (CDCI3) 5 (ppm): 3.1 (3H, s, NCH3), 3.77 (3H, s, OCH3), 4.14 (2H, s, 
NCH2), 4.92 (2H, s, NCH2), 6.8-6.9 (2H, m, aromatics), 7.35-7.41 (IH, m, 
15 aromatic). 

EXAMPLE 61 

Compound 61-A: 3<:vano-4-fluorobenzaldehvde O-methvloxime 




Reaction of 3-cyano-4-fluorobenzaldehyde with methoxylamine 
hydrochloride as described in the preparation of Compoimd 44-A gave the 
tide oxime ether as a clear oil after chromatography on silica gel (elution 
25 hexane-ethyl acetate 8:2) (94 % yield). ^HNMR indicated a 93:7 mbcture of E- 
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to Z-isomers. iRNMR 400 MHz (CDCI3) 6 (ppm): (E-isomer) 4.02 (3H, s, 
OCH3), 7.26 (IH, m, aromatic), 7.85 (2H, m, aromatics), 8.03 (IH, s, CH). 

Compoiind 61-B: 2-Huoro-5-(methoxyammo-methyl)-benzomtrile 




Reduction of 3-cyano-4-fluorobenzaldehyde O-methyloxime with 
soditim cyanoborohydride as described in the preparation of Compotind 44- 

10 B gave the title hydroxylamine as a dear oil after chromatography on silica 
gel (elution hexane-ethyl acetate 8: 2) (73 % yield). iRNMR 400 MHz (CDCI3) 
5 (ppm): 3.46 (3H, s, OCH3), 4.02 (2H, s, NCH2), 7.18 (IH, t, aromatic), 7.5fr- 
7.66 (2H, m, aromatics). The hydrochloride salt was obtained as a white solid: 
mp 152-158 »C. Anal, calcd for C9H9HM2O-HCI: C, 49.89; H, 4.65; N, 12.93. 

15 Found: C, 50.04; H, 4.64; N, 12.84. 

Compound 61-C: N-(3-Cvano-4-fluoro-benzvn-2-(22-dimethvl-5-oxo- 
fl,31dioxolan-4-vlidene)-N-methoxy-acetamide 



20 




Reaction of (2,2-dimethyl-5-oxo-[l,3]dioxolan-4-ylidene)-acetyl 
chloride with N-(3-cyano-4r-fluorobenzyl)-0-methyl-hydroxylamine as 
described in the preparation of Compound 44-C gave the title amide as white 
25 crystals (97 % yield): mp 119-120 °C (ethyl acetate-hexane). iRNMR 400 MHz 
(CDCb) 5 (ppm): 1.75 (6H, s, CH3), 3.75 (3H, s, OCH3), 4.78 (2H, s, NCH2), 
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6.36 (IH, s, CH), 7.17 (IH, t, aromatic), 7.58-7.64 (2H, m, aromatics). AnaL 
calcd for C16H15F2NO5: C, 57.48; H, 4.52; N, 8.38. Found: C, 57.39; H, 4.61; N, 
8.32. 

5 Compound 61-D: 3-r(3-Cvano-4rfluoro-benzvlVmetiioxv- carbamovn-2- 
hydioxy-acrylic add methyl ester 




10 N-{3-Cyano-4-fluorobenzyl)-2-(2,2-<iimethyl-5-oxo-[l^l-dioxolan-4- 
ylidene)-N-methoxy-acetanude was treated witii methanol as described in 
the preparation of Compotmd 44-D and gave the title ester as white crystals 
(47% yield); mp 125-126 °C. »HNMR 400 MHz (CDCI3) 5 (ppm): 3.75 (3H, s, 
OCH3), 3.90 (3H, s, OCH3), 4.81 (2H, s, NCH2), 6.44 (IH, s, CH), 7.18 (IH, m, 

15 aromatic), 7.56-7.61 (2H, m, aromatics). Anal, calcd for C14H13FN2D5: C, 54.54; 
H, 4.25; N, 9.08. Found: C, 54.76; H, 4.29; N, 9.04. 

Compound 61: 4-Hydroxv-l-methvl-5-oxo-25-dihvdro-lH-pvrrole-3- 
carboxylic add (3-cyano-4-fluoro-benzyl)-methoxv-amide 

20 

O OH 




3-[(3-Cyano-4-fluorobenzyl)-metit\oxy-carbamoyl]-2-hydroxy-acrylic 
add methyl ester (Compoimd 61-D) was treated with paraformaldehyde and 
25 methylamine as described in the preparation of Compotmd 12 to give the title 
compound as a v^hiie solid (69% yield); mp 175 "C dec. iHNMR 400 MHz 
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(CDCI3) 5 (ppm): 3.11 (3H, s, NCH3), 3.78 (3H, s, OCH3), 4.16 (2H, s, NCH2), 
4.85 (2H, s, NCH2), 7.19 - 7.24 (IH, m, aromatic), 7.59-7.62 (2H, m, aromatics). 

EXAMPLE 62 

5 Compound 62-A; 4-Cyanobenzaldehyde O-meihvloxime 



15 



II 



NC 




Reaction of 4-cyanoben2aldehyde with methoxylamine hydrochloride 
10 as described in the preparation of Compound 44-A gave the title oxime ether 
as a white solid (96 % yield), (Gordon, M.S. et al., .J. Org. Chem., 49, 1984, 97- 
100). iHNMR indicated a 95:5 mixture of E- to Z-isomers. iHNMR400MHz 
(CDCb) 6 (ppm): (E-isomer) 4.02 (3H, s, OCH3), 7.07 (4H, m, aromatics), 8.06 
(lH,s,CH). 



Compound 62-B: 4-(Methoxyamino-methyl)-benzonitrile) 



NC 




H 



20 Reduction of 4-cyanobenzaldehyde O-methyloxime with sodium 

cyanoborohydride as described in the preparation of Compound 44-B gave 
the title hydroxylamine as a clear oil (75 % yield). ^HNMR 400 MHz (CDCI3) 
5 (ppm): 3.48 (3H, s, OCH3), 4.09 (2H, s, NCH2), 7.48 (2H, m, aromatics), 7.63 
(2H, m, aromatics). The hydrochloride salt was obtained as a white solid: mp 

25 168 "C (dec). Anal, calcd. for C9H10N2O-HCI: C, 54.41; H, 558; N, 14.10. 
Found: C, 54.44; H, 5.62; N, 13.94. 



f 
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Compound 62-C: N-f4rCvano-benzvlV2-(2.2-dimethvl-5-oxo-ri,31dioxolan-4- 
vlideneVN-methoxv-aoetaimde 




5 

Reaction of (2,2-dimethyl-5-oxo-[i;3]dioxolan-4-ylidene)-acetyl 
chloride with N-(4Kyanobenzyl)-0-m.ethyl-hydroxylaiiune as described in 
tihe preparation of Compoxmd 44-C gave the title amide as white crystals (99 
% yield): mp 148-149 "C (ethyl acetate-liexane). iRNMR 400 MHz (CDGb) 5 
10 (ppm): 1.75 (6H, s, CH3), 3.72 (3H, s, OCH3), 4.86 (2H, s, NCH2), 6.39 (IH, s, 
CH), 7.46 (2H, m, aromatics), 7.63 (2H, m, aromatics). AnaL calcd. for 
C16H16N2O5: C, 60.75; H, 5.10; N, 8.86. Found: C, 60.60; H, 4.91; N, 8.78. 

Compoxmd 62-D: 3-r(4-Cyano-benzvl)-methoxv-carbamovll-2-hydroxy- 
15 acrylic add methyl ester 




N-(4-Cyanobenzyl)-2-(2,2-dimethyl-5-oxo-[l^]-dioxolan-4-ylidene)-N- 
20 medioxy-acetamide was treated with methanol as described in the 

preparation of Compound 44-D gave the title ester as white crystals (52% 
yield); mp 110 "C. iRNMR 400 MHz (CDCI3) 6 (ppm): 3.73 (3H, s, OCH3), 3.90 
(3H, s, OCH3), 4.88 (2H, s, NCH2), 6.47 (IH, s, CH), 7.43 (2H, d J = 8.6 Hz, 
aromatics), 7.64 (2H, d, J = 8.6 Hz, aromatics). Anal, calcd for C14H14N2O5: C, 
25 57.93; H, 4.86; N, 9.65. Found: C, 57.87; H, 4.80; N, 9.67. 
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Compound 62: 4-Hydioxy-l-methyl-5<>xo-2^-dihydro-lH-pyrrole-3- 
carboxylic add (4-cyano-ben2yl)-methoxy-aimde 




5 



3-[(4<Iyanobeiizyl)-metiioxy-carbainoyl]-2-hydroxy-acrylicacid 
methyl ester (Compotind 62-D) was treated with paraformaldehyde and 



methylamine as described in the preparation of Compound 12 to give the title 
compoimd as a white solid (46% yield); mp 161 °C dec. ^HNMR 400 MHz 
10 (CDCb) 5 (ppm): 3.11 (3H, s, NCH3), 3.75 (3H, s, OCH3), 4.17 (2H, s, NCH2), 
4.93 (2H, s, NCH2), 7.44 (2H, d, J = 8.2 Hz, aromatics), 7.65 (2H, d J = 8.2 Hz, 
aromatics). Anal, calcd for C1SH15N3O4: C, 59.79; H, 5.01; N, 13.94. Found: C, 
59.51; H, 4.90; N, 13.69. 

15 EXAMPLE 63 

Compoxmd 63-A: 4-Acetamidobenzaldehyde O-methyloxime 



hydrochloride as described in the preparation of Compound 44-A gave tiie 



title oxime ether as a white solid (98 % jdeld), (Sakamoto, T. et al., J. Org. 
Chem., 57, 1992, 3245-3248). ^HNMR indicated a 95:5 mixture of E- to Z- 
isomers. ^HNMR 400 MHz (CDCI3) 6 (ppm): (E-isomer) 2.19 (3H, s, CH3), 
25 3.96 (3H, s, OCH3), 7.22 (IH, broad s, NH), 7.53 (4H, m, aromatics), 8.01 (IH, 




H 



20 



Reaction of 4-acetamidobenzaldehyde with methoxylamine 



s,CH). 



r 
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Compovind 63-B: N-f4-flVIethoxyaimn(>methyl)-phenyl1-acetainide 




H 



5 Reduction of 4-acetainidobenzaldehyde O-methyloxime with sodium 

cyanoborohydride as described in the preparation of Compound 44-B gave 
the titie hydroxylamine as a waxy solid (100 % yield). iHNMR 400 MHz 
(CDOs) 6 (ppm): 216 (3H, s, CH3), 3.49 (3H, s, OCH3), 4.00 (2H, s, NCHb), 
7.26 (IH, broad s, NH), 7.29 (2H, m, aromatics), 7.46 (2H, m, aromatics). The 
10 hydrochloride salt was obtained as a white solid: mp 186-188 «C (dec.). Anal, 
calcd. for C10H14N2O2-HCI-H2O: C, 50.87; H, 6.66; N, 11.87. Found: C, 50.77; 
H, 6.44; N, 12.16. 

Compound 63-C: N-(4-Acetylamino-benzyl)-2(2^-dimethyl-5-oxo- 
15 ri31dioxolan-4-ylidene)-N-metiioxy-acetamide 




H 



Reaction of (2,2-diinethyl-5-oxo-[l,3]dioxolan-4-ylidene)-acetyl 
20 diloride with N-(4-acetamidobenzyl)-0-methyl-hydroxylamine as described 
in the preparation of Compotind 44-C gave the title amide as white aystals 
(92 % yield): mp 212-215 °C (dec.) (dichloromethanfr4iexane). »HNMR 400 
MHz (CDCI3) 8 (ppm): 1.73 (6H, s, CH3), 2.16 (3H, s, CH3), 3.67 (3H, s, OCH3), 
4.78 (2H, s, NCH2), 6.39 (IH, s, CH), 7.32 (3H, m, aromatics and NH), 7.45 
25 (2H, m, aromatics). Anal, calcd. for C17H20N2O6: C, 57.87; H, 5.86; N, 7.94. 
Found: C, 57.76; H, 5.68; N, 8.51. 
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Compoimd 63-D: 3-r(4'Acetylaiiuno-benzyl)-methoxy>carb 
hydxoxy-acrylic acid methyl ester 




H 

5 

N-(4-Acetylaminoben2yl)'2-(2,2-dimethyl-5HDxo-[l^]-di^ 
ylidene)-N-methoxy-acetamide was treated with methanol as described in 
the preparation of Compoimd 44-D and gave the title ester as white crystals 
(35% yield); mp 125 °C. ^HNMR 400 MHz (CDCI3) 6 (ppm): 2.18 (3H, s, 
10 COCH3), 3.68 (3H, s, OCH3), 3.89 (3H, s, OCH3), 4.79 (2H, s, NCH2), 6.46 (IH, 
s, CH), 7.16 (IH broad s, NH), 7.29 (2H, d, J = 8.6 Hz, aromatics), 7.48 (2H, d, J 
= 8.6 Hz, aromatics). Anal. Calcd for C15H1&N2O6: C, 55.89; H, 5.62; N, 8.69. 
Found: C 55.95, H 5.70, N 8.59. 

15 Compoimd 63: 4'Hydroxy'-l-methyl-5-oxo-23-dihydro-lH-pyrrole-3- 
carboxylic add (4-acetylarmncHbeiigyl)-methoxy-amide 




20 3-[(4-Acetylarninobenzyl)-methoxy-<arbamoyl]-2-hydroxy-acrylic acid 

methyl ester (Compoimd 63-D) was treated with paraformaldehyde and 
methylamine as described in the preparation Compoimd 12 to give the title 
compound as a white solid (43% yield); mp 110 <>C. iRNMR 400 MHz (CDCI3) 
5 (ppm): 2.18 (3H, s, COCH3), 3.1 (3H, s, NCH3), 3.71 (3H, s, OCH3), 4.15 (2H, 

25 s, NCH2), 4.83 (2H, s, NCH2), 7.29 (2H, d, J = 8.6 Hz, aromatics), 7.34 (IH, 
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15 



20 



broad s, NH), 7.50 (2H, d, J = 8.6 Hz, aromatics). HRMS (ES+) calcailated for 

Ci6H2oN305:[M+Hl+: 334.140296 ; found: 334.139137. 

EXAMPLE 64 

Compound 64-A: 3-[(4rHuoro-3-methyl-benzyIVmethoxyK:arbam 
hydroxy-acrylic acid methyl ester 



2-(2,2-Dimetiiyl-5-oxo-[l,3]-dioxolan-4-ylidene)-N-(4-fluoro-3-- 
methylbenzyl)-N-mefhoxy-acetamide, prepared using the methods described 
in the previous examples, was treated with methanol as described in the 
preparation of Compotmd 44-C and gave the title ester as white crystals (32% 
yield); mp 60-62 <!. iHNMR 400 MHz (CDCI3) 5 (ppm): 2.27 (3H, broad s, 
CH3), 3.70 (3H, s, OCH3), 3.90 (3H, s, OCH3), 4.76 (2H, s, NCH2), 6.46 (IH, s, 
CH), 6.96 (IH, m, aromatic), 7.12 (2H, m, aromatics). Anal, calcd for 
C14H16FNO5: C, 56.56; H, 5.42; N, 4.71. Found: C, 56.36; H, 5.44; N, 4.54, 

Compotmd 64: 4-Hydroxy-l-methyl>-5-oxo-23-dihydro-lH-pyrrole-3- 
carboxylic add (4-fluoro-3-methyl-benzyl)-methoxy-amide 



3-[(4-Fluoro--3-methylbenzyl)-methoxy-K:arbamoyl]-2-hydroxy-acrylic 
acid methyl ester (Compound 64-A) was treated with paraformaldehyde and 
methylamine as described in the preparation of Compound 12 to give the title 
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cxjmpound as white crystals (76% yield); mp 160-164 "C. iRNMR 400 MHz 
(CDCI3) 5 (ppm): 2.27 (3H, s, CH3), 3.10 (3H, s, NCH3), 3.73 (3H, s, OCH3), 
4.15 (2H, s, NCH2), 4.81 (2H, s, NCH2), 6.97 (IH, m, aromatic), 7.12 (2H, m, 
aromatics). Anal, calcd for C15H17FN2O4: C, 58.44; H, 5.56; N, 9.09. Fotmd: C, 
5 58.41; H, 5.61; N, 8.90. 

EXAMPLE 65 

Compound 65-A: 3-f(3-Huoro-4-methyl-benzylVpiethoxv-carbamoyn-2- 
hvdroxv-acrylic add methyl ester 




2-(2,2-Dimethyl-5-oxo-[l^]-dioxolan-4-ylidene)-N-(3-fluoro-4- 
mefhylbenzyl)-N-methoxy-acetamide, prepared using the methods described 

15 in the previous examples, was treated with methanol as described in the 

preparation of Compound 44-C and gave the title ester as white crystals (49% 
yield); mp 88 "C. iHNMR 400 MHz (CDCI3) 5 (ppm): 2.25 (3H, d J = 1.5 Hz, 
CH3), 3.70 (3H, s, OCH3), 3.90 (3H, s, OCH3), 4.78 (2H, s, NCH2), 6.47 (IH, s, 
CH), 6.96 (2H, m, aromatics), 7.26 (IH, m, aromatic). HRMS ( MAB N2 ) 

20 calculated for C14H16FNO5, [M]+: 297.101251 ; found: 297.101261. 

Compound 65: 4 -Hvdroxv-l-methvl-5-oxo-2^-dihvdro-lH-pvrroIe-3- 
carboxvlic add f3-fIuoro-4rmethyl-benzyD-methoxy-ainide 



25 
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3-[(3-Huoro-4-methylben2yl)-methoxy-<:arbamoy 
add methyl ester (Compound 65-A) was treated with paraformaldehyde and 
methylamine as described in the preparation of Compoimd 12 to give the tilie 
compound as white crystals (54% yield); mp 145 ^C. ^HNMR 400 MHz 
5 (CDCk) 5 (ppm): 2.26 (3H, broad s, CHsl 3.11 (3H, s, NCHs), 3.73 (3H, s, 
OCH3), 4.16 (2H, s, NCH2), 4.83 (2H, s, NCH2), 6.99 (2H, m, aromatics), 7.16 
(IH, m, aromatic). Anal, calcd for C15H17FN2O4: C, 58.44; H, 5.56; N, 9.09. 
Found: C, 58.16; H, 5.44; N, 8.88. 

10 EXAMPLE 66 

Compound 66-A: 2-Hydroxy-3-[(2-isopropoxv-benzyl)-methoxy<arbamovn- 
acrylic add methyl ester 

O OH 

15 

2-(2>Diinethyl-5-oxo-[l^]-<lioxolan-4-ylidene)-N-(2- 
isopropoxybenzyl)-N-methoxy-acetamide, prepared using the methods 
described in the previous examples, was treated witii methanol as described 
in the preparation of Compoimd 44-D and gave the title ester as a white 
20 syrup (62% yield). iRNMR 400 MHz (CDCI3) 5 (ppm): 1.33 (6H, d, J = 6 Hz, 
CHs), 3.68 (3H, s, CX^is), 3.89 (3H, s, OCH3), 4.59 (IH, m, CH), 4.9 (2H, s, 
NCH2), 6.50 (IH, s, CH), 6.88 (2H, m, aromatics), 7.24 (2H, m, aromatics). 
HRMS ( MAB N2 ) calculated for CisHnNOe, [M]+: 323.136888 ; found: 
323.136700. 
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Compovmd 66: 4r-Hvdroxv-l-methvl-5<>xo-23Kii hYdro-lH-pv^ 
carboxylic add f2-isopropoxy)-inethoxv-aimde 



O OH 




2-Hydroxy-3-[(2-isopropoxyberizyl)-methoxy-^ add 
methyl ester (Compound 66-A) was treated with paraformaldehyde and 
methylamine as described in ti\e preparation of Compound 12 to give the title 
compotind as a tan soUd (22% yield). ^HNMR 400 MHz (DMS0-d6) 5 (ppm): 
10 1.26 (6H, d, J = 6.2 Hz, CH3), 2.91 (3H, s, NCH3), 3.57 (3H, s, OCH3), 4.03 (2H, 
S; NCH2), 4.60 (IH, m, CH), 4.71 (2H, s, NCH2), 6.66 (IH, m, aromatic), 6.95 
(IH, m, aromatic), 7.15 (2H, m, aromatics). HRMS ( ES+ ) calculated for 
C17H23N2Q5, [M+H]+: 335.160697 ; found: 335.161171. 

15 EXAMPLE 67 

Compound 67-A: 4<:arbomethoxybenzaldehyde Q-methvloxime 




20 Reaction of methyl 4-formyIbenzoate with meflioxylamine 

hydrochloride as described in the preparation of Compoimd 44rA gave the 
title oxime ether (96 % yield) as a white solid (mixture of E- and Z-isomers). 
The E-isomer was obtained as white crystals from hexane; mp 66-67 <C (Lit. 
mp 65-^6 Cooks, Org. Mass Spectrum., 5, 1971, 687 ). ^HNMR 400 MHz 
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(DMSO-cU) 6 (ppm): (E-isomer ) 3.86 (3H, s, OCH3), 3.93 (3H, s, OCH3), 7.75 
(2H, d, aromatics), 7.98 (2H, d, aromatics), 8.32 (IH, s, CH). 



Compound 67-B: 4-flSlethoxvaiiuno-metiiyl)-benzoic add methyl ester 

5 




O 



Reduction of 4-carbomethoxybenzaldehyde O-methyloxime with 
sodium cyanoborohydride as described in the preparation of Compomd 44- 
10 B gave the title hydroxylamine as an oil (53% yield). The hydrochloride salt 
was obtained as a white solid: mp 166-169 °C. ^HNMR 400 MHz (DMSO-ds) 6 
(ppm): 3.75 (3H, s, OCH3), 3.86 (3H, s, OCH3), 4.39 (2H, s, NCH2), 7.65 (2H, d, 
aromatics), 7.97 (2H, d, aromatics). Anal, calcd for CioHisNOs-Ha: C, 51.84; 
H, 6.09; N, 6.04. Found: C, 51.74; H, 6.01; N, 5.50. 

15 

Compound 67-C: 4- ar2-(22-Dimethvl-5-oxo-ri31dioxolan-4-vHdenfiWcetvn- 
meihoxv-aminol-mettiyl')43en2oic add methyl ester 




O 

20 

Bleaction of (2,2-dimetihyl-5-oxo-[l^]dioxolan-4-ylidene)-acetyl 
chloride with N-4-caTbomethoxybenzyl-O-methyl-hydroxylamine as 
described in the preparation of Compoimd 44-C gave the title amide as a 
white soHd (83 % yield): mp 120 "C (dichloromethane-hexane). 1HNMR400 
25 MHz (CDCI3) 6 (ppm): 1.75 (6H, s, CH3), 3.67 (3H, s, OCH3), 3.91 (3H, s. 
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OCH3), 4.88 (2H, s, NOfc), 6.40 (IH, s, CH), 7.42 (2H, d, aromatics), 8.0 (2H, 
d, aromatics). AnaL calcd for C17H19NO7: C, 58.45; H, 5.48; N, 4.01. Found: C, 
58.54; H, 5.55; N, 3.61. 

5 Compound 67-D: 4(r(3-Hydroxv-3-methoxy(arboiiyl-ac3yloylVmeaioxy- 
aminol-methyli-benzoic add methyl ester 




O 



10 4-({[2-(2>Dimethyl-5-oxo-[l^]-dioxolan-4-ylidene)-acetyl]- 
metiioxyamino}-methyl)-benzoic acid methyl ester was treated with 
methanol as described in the preparation of Compound 44-D and gave the 
title ester as a white soUd. ^HNMR 400 MHz (CDCI3) 5 (ppm): 3.70 (3H, s, 
OCH3), 3.90 (3H, s, OCH3), 3.91 (3H, s, OCH3), 4.89 (2H, s, NCH2), 6.5 (IH, s, 

15 CH), 7.39 (2H, d, J = 8.1 Hz, aromatics), 8.02 (2H, d, J = 8.1 Hz, aromatics). 
HRMS (ES+) calculated for CisHisNO, [M+H]+: 324.108327 ; found: 
324.109066. 

Compotmd 67: 4-|[(4-Hydroxy-l-methyl-5-oxo-2^-dihydro-lH-pyrrole-3- 
20 carbonylVmethoxy-aminol-methyU-benzoic add methyl ester 



O OH 




O 



4-{[(3-Hydroxy-3-[methoxycarbonyl-acryloyl)-methoxyamino]- 
25 meihyl}-benzoic add methyl ester (Compoimd 67-D) was treated with 
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paraformaldehyde and methylanune as described in the preparation of 
Compound 12 to give the title compoimd as a tan solid. ^HNMR 400 MHz 
(CDCI3) 6 (ppm): 3.11 (3H, s, NCH3), 3.73 (3H, s, OCH3), 3.92 (3H, s, OCH3), 
4.17 (2H, s, NCH2), 4.93 (2H, s, NCHs), 7.4 (2H, d J = 8.1 Hz, aromatics), 8.02 
5 (2H, d, J = 8.1 Hz, aromatics), 11.54 (IH, broad s, OH). HRMS (ES+) 
calculated for CieHwNiOe, [M+H]*: 335.1249 ; found: 335.1243. 

EXAMPLE 68 

Compoimd 68-A: 4-(r(4-HydToxy-l-methyl-5-oxo-2^-dihydro-lH-pyrrole-3- 
10 carbonylVmethoxy-aminol-methyll-benzoic add tert-butyl ester 




O 



O OH 

N' 



4-({[2-(2,2-dimethyl-5-oxo-[l,31-dioxolan-4-ylidene)-acetyl]- 
15 methoxyamino}-methyl)-benzoic add tert-butyl ester, prepared using the 
methods described in the previotis examples, was treated in metiianol with 
paraformaldehyde and methylamine as described in the preparation of 
Compoimd 12 to give tihie title compound as a white solid (40% yield); mp 
157-160 oC. iHNMR 400 MHz (CDCI3) 6 (ppm): 1.58 (9H, s, t-Bu), 3.11 (3H, s, 
20 NCH3), 3.72 (3H, s, OCH3), 4.16 (2H, s, NCH2), 4.92 (2H, s, NCH2), 7.37 (2H, 
d, J = 8 Hz, aromatics), 7.97 (2H, d, J = 8 Hz, aromatics), 11.55 (IH, broad s, 
OH). 
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Compound 68: 4 -{r(4-Hvdroxv-l-methvl-5-oxo-2^-dihvdro-lH-pvrrole-3- 
carbonylVmelhoxy-aininol-methyll-benzoicacid 



O OH 




0 

5 

A solution of 4-{[(4-hydroxy-l-methyl-5-oxo-2,5-dihydro-lH-pyrrole- 
3-carbonyl)-methoxyainino]-methyl}-benzoic add terf-butyl ester ( 0.062 g, 
0.16 mmol ) in dichloromethane (3 ml ) was treated, with trifluoroacetic add 
( 0.6 ml ) and stirred at 25 <: for 2h. The solvent was then evaporated in 

10 vacuo and the residue was triturated with acetonitrile to give 0.041 g (80% 
jdeld) of tiie titie material as a white solid; mp 196-197 <<:. ^HNMR 400 MHz 
(DMSO-dfi) 5 (ppm): 2.97 (3H, s, NCH3), 3.73 {3H, s, OCH3), 4.19 (2H, s, 
NCH2), 4.96 (2H, s, NCH2), 7.42 (2H, d, J = 8.3 Hz, aromatics), 791 (2H, d, J = 
8.3 Hz, aromatics), 11.4 (IH, broad s, OH), 12.9 (IH, broad s, OH). AnaL calcd 

15 for C15H16N2O6.H2O: C, 53.25; H, 5.36; N, 8.28. Found: C, 53.59; H, 479; N, 
8.19. 



EXAMPLE 69 

Compound 69: 4- Hvdroxv-l-methvl-5-oxo-2>5-dihvdro-lH-pvTrole-3- 
20 carboxvlic add [l-(4-fluoro-phenvl)-ethyll-methoxv-amide 




25 



2-(2,2-Dimethyl-5-oxo-[l,3]-dioxolan-4-ylidene)-N-[l-(4-fluorophenyl)- 
efhyl]-N-methoxy-acetamide, prepared using the methods described in the 
previous examples, was treated in methanol witii paraformaldehyde and 
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methylamine as described in ttie preparation Compound 12 to give the title 
compoiind as a white solid (47% yield); mp 136-138 'Kl. ^HNMR 400 MHz 
(CDCI3) 5 (ppm): 1.68 (3H, d, J = 7.1 Hz, CH3), 3.1 (3H s, NCH3), 3.49 (3H, s, 
OCH3), 4.13 (2H, AB system. Jab = 18.2 Hz, Av = 45.7 Hz, NCH2), 5.75 (IH, q, J 
5 =7.1 Hz, CH), 7,06 (2H,m,aromatics), 7.42 (2H,m,aromatics).AnaLcalcd 
for C1SH17FN2O4: C, 58.43; H, 5.55; N, 9.08. Found: C, 58.40; H, 5.38; N, 9.01. 



EXAMPLE 70 

Compoimd 70-A: (4-Fluorobenzylideneaminooxy)-acetic add tgrf-butyl ester 



10 



O I 



F 




Condensation of 4-£luorobenzaldehyde witii hydroxylamine 
hydrochloride using the same procedure as Compound 44-A followed by 
15 reaction with tcrf-butyl bromoacetate gave the title oxime ether as a clear oil 
(84 % yield). iHNMR 400 MHz (CDCI3) 5 (ppm): 1.52 (9H, s, t-Bu), 4.61 (2H, s, 
OCH2), 7.08 (2H, m, aromatics), 7.59 (2H, m, aromatics), 8.19 (IH, s, CH). 

Compound 70-B: [N-(4-Fluoro-benzyl)aminooxyl-acetic add tert-butyl ester 

20 




25 



Reduction of (4-fluorobenzylideneaminooxy)-acetic add terf-butyl 
ester as described in the preparation of Compound 44-B gave the title 
hydroxylamine as a dear oil (65 % yield). iHNMR 400 MHz (CeDe) 6 (ppm): 
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1.43 (9H, s, t-Bu), 3.84 (2H, d, J = 5.6 Hz, NCH2), 4.17 (2H, s, OCH2), 6.39 (IH, 
broad t, NH), 6.86 (2H, m, aromatks), 7.05 (2H, m, aromatics). 

Compotrnd 70-C: rf2-(22-Dimethvl-5-oxo-ri31dioxolan-4-vlideneVacetvn-r4- 
5 fluoro-benzvD-aminooxyl-acetic add tert butyl ester 




Reaction of (2,2-diraethyl-5<>xo-[l^]dioxolan-4-ylidene)-acetyl 
10 chloride with [N-(4-fluorobeiizyl)aminooxy]-acetic acid fert-butyl ester as 
described in the preparation of compoimd 1-A gave the title amide as white 
crystals (85 % yield): mp 119-120 °C (ethyl acetate-hexane). ^HNMR 400 MHz 
(CDCI3) 6 (ppm): 1.48 (9H, s, t-Bu), 1.74 (6H, s, CH3), 4.30 (2H, s, CH2), 4.88 
(2H, s, CH2), 6.48 (IH, s, CH), 7.0 (2H, m, aromatics), 7.38 (2H, m, aromatics). 
15 Anal, calcd for C20H24FNO7: C, 58.67; H, 5.91; N, 3.42. Foimd: C, 58.83; H, 
5.92; N, 3.31. 

Compound 70-D: 3-ftert-Butoxycarbonyknethoxy-(4-fluoro-benzyl)- 
carbamoyll-2-hydroxy-acrylic add methyl ester 
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[[2-(2>Dunethyl-5K)xo-[l^]-dioxolan-4-ylidene)-acetyl]-(4- 
fluoroben2yl)-aminooxy]-acetic add tert-butyl ester was treated with 
methanol as described in the preparation of Compoimd 44-D and gave the 
title ester as a dear oil (69% yield). iHNMR 400 MHz (CDCI3) 5 (ppm): 1.50 
5 (9H, s, t-Bu), 3.92 (3H, s, OCH3), 4.35 (2H, s, CH2), 4.94 (2H, s, CH2), 6.55 (IH, 
s, CH), 7.05 (2H, m, aromatics), 7.39 (2H, m, aromatics), 13.35 (IH, broad s, 
OH). HRMS (ES+) calculated for CisHasFNO?, [M+H]+: 384.145856 ; found: 
384.146214. 

10 Compound 70: f(4-Fluoro-ben2yl)-(4-hydroxy-l-methyl-5-oxo-23-dihydro- 
lH-3-carbonyl)-aininooxy-acetic acid tert-butyl ester 




15 3-[tert-Butoxycarbonylmfithoxy-(4-fluorobenzyl)-carbamoyl]-2- 
hydroxy-acryUc add methyl ester (Compoimd 70-D) was treated with 
paraformaldehyde and methylamine as described in the preparation of 
Compound 12 to give the title compoimd as a white solid (30% yield); mp 
128-130 °C. iHNMR 400 MHz (CDCI3) 6 (ppm): 1.48 (9H, s, t-Bu), 3.1 (3H, s, 

20 NCH3), 4.22 (2H, s, CH2), 4.35 (2H, s, CH2), 4.93 (2H, s, NCH2), 7.06 (2H, m, 
aromatics), 7.38 (2H, m, aromatics), 11.55 (IH, broad s, OH). HRMS (ES+) 
calculated for Ci9Ha4FN206, [M+H|+: 395.161840 ; found: 395.161599. 
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EXAMPLE 71 

Compound 71: f(4-Huoro-benzyl)-(4-hydroxv-l-meihyl-5-oxQ-23-d^ 
lH-pyrrole"3<arbonvlVaminooxv}-acetic add 



A solution of [(4-fluorobenzyl)-(4-hydroxy-l-methyl-5-oxo-2^ 
dihydro-lH-pyrrole-3<arbonyl)-aminooxy]--acetic acid tert-hntyl ester (0.041 
g, 0104 mmol) in dichloromethane (4 ml) was treated with trifluoroacetic 

10 acid (1 ml) and the resulttng mixture was stirred at 22 for 2h. The solvent 
was evaporated in vacuo and the residue was recrystallized from a mixture 
of ethyl acetate and hexane to give 0.027 g (80% yield) of the tittle material as 
white crystals; mp 147-150 ^C. ^HNMR 400 MHz (DMSO-da) 5 (ppm): 2.95 
(3H, s, NCHs), 4.14 (2H, s, CH2), 4.62 (2H, s, CH2), 4.92 (2H, s, CH2), 7.17 (2H, 

15 m, aromatics), 7.36 (2H, m, aromatics), 11.4 (IH, broad s, OH), 13.1 (IH, broad 
s, OH). HRMS (ES+) calculated for CX5H16FN2O6, [M+H]^: 339.099240 ; found: 
339.100624. 

EXAMPLE 72 

20 Compoun d 72-A: N-E)imethylcarbamoylmeA oxY-V^r^-^^" ^e<hvl-5^^ 
fl31dioxolan-4-ylidene)-N-(4-fluorO'benzyl)-acetamide 



O 



OH 



5 
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A solution of [I2-(2,2KUmethyl-5K)xo-[i;3]-<Uoxolan'4-yMen^ 
(4-fluorobenzyl)-aminooxy]-acetic add (0.681 g, 1.93 mmol) in 
dichlorometiiane (20 ml) was treated at 22 with oxalyl chloride (0.34 ml, 
3.9 mmol) and a trace of N,N-dimethylformamide and the resulting mixture 
5 was stirred for Ih. The solvent and excess reagent were then evaporated in 
vacuo. The residual material was dissolved in dry dichloromethane (10 ml) 
and added dropwise to a cold (0 ^C) solution of dimethylamine (0.18 g, 4.0 
mmol) and pyridine (0.25 ml, 3.2 mmol ) in dichloromethane. After 2h, the 
reaction mixture was diluted with ethyl acetate, washed with saturated 

10 sodiimi bicarbonate and brine and dried over anhydrous magnesium sulfate. 
Evaporation of the solvent in vacuo and crystallisation of the residue from a 
mixture of ethyl acetate and hexane gave 0.370 g (50 % yield) of the title 
material as a white solid. iHNMR 400 MHz (CDCI3) 5 (ppm): 1.77 (6H, s, 
CH3), 2.91 (3H, s, CH3), 2.97 (3H, s, CH3), 4.53 (2H, s, CH2), 4.93 (2H, s, Clfc), 

15 6.43 (IH, s, CH), 7.03 (2H, m, aromatics), 7.41 (2H, m, aromatics). 

Compoimd 72-B: 3-IT)imethvlcarbamovhnethoxv-(4'fluoro-benzylV 
carbamovl1-2-hvdroxy-acrvlic add methyl ester 




20 I 

N-Dimethylcarbamoylmethoxy-2-(2,2-<limethyl-5-oxo-[l,3]-^ 
4-ylidene)-N-(4-fluorobenzyl)-acetamide was treated with methanol as 
described in the preparation of Compoimd 44-D and gave the title ester as 
25 white crystals (54% yield); mp 133-135 <<!. iRNMR 400 MHz (CDCI3) 5 (ppm): 
2.9 (3H, s, NCH3), 2.98 (3H, s, NCH3), 3.91 (3H, s, OCH3), 4.54 (2H, s, CH2), 
4.96 (2H, s, CH2), 6.52 (IH, s, CH), 7.06 (2H, m, aromatics), 7.39 (2H, m. 
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aromatics), 13.38 (IH, broad s, OH). Anal, calcd for CisHwFNaOe: C, 54.24; H, 
5.40; N, 7.90. Found: C, 53.62; H, 5.40; N, 7.79. 



Compoxind 72: 4-Hydroxy-l"methyl-5"Oxo-23-dihydrO"lH-pyrrole-3" 
5 carboxylic add diniethyIcarbamoylmethoxy-(4-fluoro-ben^ 




3-IPimethylcarbamoylmethoxy-(4-fluorobenzy 
10 hydroxy-acrylic add methyl ester (Compound 72-B) was treated with 
paraformaldehyde and methylamine as described in the preparation of 
Compoimd 12 to give the title compound as a white solid (25% yield); mp 
147449 oC. iHNMR 400 MHz (CDCI3) 5 (ppm): 2.79 (3H, s, NCH3), 2.96 (3H, 
s, NCH3), 3.11 (3H, s, NCH3). 4.25 (2H, s, CH2), 4.51 (2H, s, CH2), 4.96 (2H, s, 
15 CH2), 7.06 (2H, m, aromatics), 7.38 (2H, m, aromatics), 11.54 (IH, broad s, 
OH). HRMS (ES+) calculated for C17H21FN3O5, [M+H]+: 366.146524 ; found: 
366.146176. 



EXAMPLE 73 

20 Compound 73: 4-Hydroxy-l-methyl"5-oxcK2^dihydrO'lH-pyrrole-3- 
carboxylic add rbis-(4-fluoro-phenyl)-methyn-methoxy-amide 
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N-[Bis-(4-fluorophenyl)-methyl]-2-(2,2Kiimeihyl^^ 
4-yHdene)-N-methoxy-acetaimde, prepared using the methods described in 
the previous examples, was treated in methanol with paraformaldehyde and 
methylamine as described in the preparation of Compound 44, Method 44B, 
5 to give the title compotmd as a tan solid (42% yield). ^HNMR 400 MHz 
(DMSO-d6) 5 (ppm): 2.9 (3H, broad s, NCH3), 3.1 (3H, broad s, OCH3), 4.2 
(2H, broad, NCH2), 6.9 (IH, broad s, CH), 7.0-7.4 (8H, m, aromatics). HRMS 
(ES+) calculated for C20H22F2N3O4, [M+NH4]+: 406.157838 ; found: 406.158046. 

10 EXAMPLE 74 

Compound 74: 4"Hydroxy'-l-methyl"5K)xo-'23-dihydro-lH"pyrrole-3- 
carboxylic acid (2-chlorO'4-'fluoro-benzylVmethoxy-amide 



CI O OH 




15 

N-(2-CWoro-4-fluorobenzyl)-2-(2,2-dimethyl-5-oxo-[i;3]-^oxolan-4- 
ylidene)-N-methoxy-acetamide, prepared using the methods described in the 
previous examples, was treated in methanol with paraformaldehyde and 
methylamine as described in the preparation of Compound 44, Method 44B, 

20 to give the title compound as white crystals (55% yield); mp 152-155 °C. 
iHNMR 400 MHz (CDCI3) 5 (ppm): 3.11 (3H, s, NCH3), 3.75 (3H, s, OCH3), 
4.17 (2H, s, NCH2), 5.01 (2H, s, NCH2), 6.99 (IH, m, aromatic), 7.15 (IH, dd, J 
= 2.5 Hz, J = 8.0 Hz, aromatic), 7.36 (IH, dd, J = 5.7 Hz, J = 8.8 Hz, aromatic). 
Anal, calcd for C14H14CIFN2O4: C, 51.15; H, 4.29; N, 8.52. Found: C, 50.62; H, 

25 4.18; N, 8.40. 
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EXAMPLE 75 

Compound 75: 4-Hydroxy-l-me&yl-5<)xo-23-dihydro-lH-py^ 
carboxylic acid ri-(4-cMorO"benzyl)-2-(4<Moro-phenyl)-^thyll-^ 



N-[l-(4<:Woro-ben2yl)-2-(4<hloro-phenyl)-et^^^ 
oxo-[i;3]dioxolan-4-ylidene)-N-methyl-acetainide, prepared using the 
methods described in the previous examples, was treated in methanol with 

10 paraformaldehyde and methylamine as described in the preparation of 

Compoimd 44, Method 44B, to give the title compoimd as white crystals (56 
% yield); mp 152-154 iHNMR 400 MHz pMSO-de) 6 (ppm): mixture of 
rotamers: 2.7-3.0 (4H, m, CH2), 2.84 (3H, s, NCH3), 2.9 (3H, broad s, NCH3), 
3.4 and 3.7 (2H, two broad s, NCH2), 4.16 and 4.9 (IH, broad m, CH), 7.15- 

15 7.34 (8H, m, aromatics), 10.7 and 11.0 (IH, two s, OH). HRMS ( MAB N2 ) 
calculated for C22H22CI2N2O3: [M]+: 432.100748; found: 432.100835, 




EXAMPLE 76 



Compound 76-A: 4-Fluoro-N-(4-fluoro-ben2yl)-benzainide 



O 




4-Flourobenzyl amine (27 grams, 0.22 mole) was dissolved in 200 mL 
of CH2CI2. To this was added 400 mL of IN NaOH and the resulting mixture 
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cooled to 0 4-Fluorobenzoyl chloride (33 grains, 0.21 mole) was added 
dropwise with stirring. The reaction was allowed to proceed for 20 min after 
which the organic layer was separated, dried over Na2S04, filtered and the 
solvent removed imder vacuum to yield 47 grams (92% yield) of 4-fluoro-N- 
5 (4-fluoro-benzyl)-benzamide as a solid. MS (M-H) calcd for C14H10F2NO: 
246.1; found: 246.0. Anal. Calcd for CwHnFaNO; C, 68.01; H, 4.48; N, 5.66; 
found: C, 67.76; H,4.54; N, 5.45. NMR (500 MHz, DMSO) 8: 4.45 (d, 2, / = 
6), 7.15 (m, 2), 7.34 (overlapping m, 4), 7.97 (m, 2), 9.09 (t, 1, / = 6). ^Kl NMR 
(125 MHz, DMSO) 5: 41.88, 114.81, 114.98, 115.06, 115.23, 129.08, 129.15, 
10 129.76, 129.83, 130.60, 130.62, 135.66, 135.68, 160.10, 162.03, 162.83, 164.81, 
165.04. 

Compoimd 76-B: Bis-f4-fluoro-benzyl)-amine hydrochloride 



15 




4-Huoro-N-(4-fluoro-benzyl)-benzamide (40.0 grams, 0.16 mole) was 
dissolved in 240 mL of THF. To this was added BPs-EtaO (7.4 mL. 0.06 mole) 

20 and the resulting mixture heated to reflux for 15 min. After cooling to -30 °C, 
BH3«SMe2 (22.3mL, 0,24 mole) was added using a dropping funnel. The 
reaction was allowed to warm to room temperature. The reaction flask was 
fitted with a distillation condenser and solvent removed under reflux for 25 
min The distillation apparatus was replaced with a reflux condenser and the 

25 reaction heated to 110 °C for 2 h. After cooling to 0 100 mL of 6N HCl 
was added and the mixture heated to reflux for 1 hr to 3deld a thick slurry. 
300 mL of 6N NaOH was slowly added at room temperature with 
intermittent cooling using an ice bath. After all the solid has dissolved Et20 
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was added and the mixture transferred to a separatory funnel. The organic 
layer was separated, dried over Na2S04, filtered and the solvent removed 
under vacutim to yield an oil. The oil was dissolved in 50 mL of Et20 and 4N 
HQ (dioxane) added resulting in the formation of a white precipitate which 
5 was isolated by filtration to yield 40 grams (93% yield) of bis-(4-fluoro- 

benzyl)-amine hydrochloride. MS (M+H) calcd for C14H14F2N: 234.1; foimd: 
234.0. Anal, calcd for Ci4Hi4F2Na: C, 62.34; H, 5.23; N, 5.19; found: C, 61.89; 
H, 5.15; N, 5.27. NMR (500 MHz, DMSO) 5: 4.12 (br s, 4), 7.26 (m, 4), 7.65 
(m,4), 9.91 (brs,2). 

10 

Compotmd 76-C: N,N-BiS'(4-fluoro-benzvl)-acetamide 

15 Bis-(4-fluor<>benzyl)-ainine hydrochloride (43 grains, 0.16 mole) was 

suspended in 200 mL of CH2CI2. To this was added 730 mL of IN NaOH. 
The reaction mixture was stirred vigorously while AcQ (20 mL, 0^8 mole) 
was slowly added. The reaction was stirred for 0.5 tiien the organic layer 
separated, washed with IN HQ, dried over NaaSO*, filtered and the solvent 

20 removed under vacuum to yield 24 grains (55% yield) of N,N-bis-(4-fluoro- 
ben2yl)-acetamide as an oiL MS (M+H) calcd for CieHieFzNO: 276.1; found: 
276.0. Anal, calcd for C16H15F2NO: C, 69.80; H, 5.49; N, 5.08; found: C, 69.53; 
H, 5.41; N, 5.06. NMR (500 MHz, DMSO) 6: 2.10 (s, 3), 4.45 (s, 2), 4.50 (s, 
2), 7.11-7.27 (overlapping m, 8). ^ NMR (125 MHz, DMSO) 6: 21.34, 50.04, 

25 54.80, 114.90, 115.07, 115.27, 115.45, 128.51, 128.58, 129.57, 129.64, 13332, 
133.34, 133.86, 133.89, 160.25, 160.33, 162.27, 170.22. 
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Compound 76-D: 3-|Bis-(4-fluoro-benzyl)-carbamoyll-2-hydroxy-acrylic acid 
methyl ester 



N,N-Bis-(4-fluoro-benzyl)-acetainide (15.0 grams, 54.5 mmol) and 
dimethyloxalate (9.6 grams, 81.3 mmol) were dissolved in 54 mL of IHF. 
After cooling to 0 °C 108 mL of IN LiHMDS (THF) was added dropwise. The 
reaction mixture was stirred 1 hr then quenched with IN HCl. The resulting 

10 mixture was extracted with CH2CI2, dried over Na2S04, filtered and the 

solvent removed imder vacuum. The product was purified by flash column 
chronoatography (Si02, 80:20 hexanes/EtOAc) to yield 10 grams (53% yield) 
of 3-[bis-(4-fluoro-benzyl)-carbamoyl]-2-hydroxy-acryUc add methyl ester as 
a soUd. Mp = 118-120 °C. Anal, calcd for Ci9Hi7F2N04: C, 63.15; H, 4.74; N, 

15 3.87; found: C, 62.97; H, 4.72; N, 3.81. NMR (500 MHz, CDCI3) 5: 3.87 (s, 
3), 4.46 (s, 2), 4.58 (s, 2), 6.32 (s, 1), 7.00-7.26 (overlapping m, 8). ^ NMR (125 
MHz, CDCI3) 6: 47.34, 49.35, 53.03, 93.34, 115.66, 115.83, 116.00, 116.18, 128.45, 
128.52, 130.03, 130.10, 131.09, 131.93, 131.95, 160.29, 161.44, 161.51, 163.10, 
163.41, 163.47, 171.36. 




20 



I 
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Compoimd 76: 4'Hyckoxy-l-methyl-5K)XO-2^"dihydio-lH-pvr^ 
carboxylic add bis-(4-fluoro-benzyl)-amide 



F 




5 

To 2 mL of AcOH at 60 was added 1 mL 2M MeNH2 (THF) and 60 
mg paraformaldehyde. After stirring for 5 min 3-[bis-(4-fluoro-beiizyl)- 
carbanioyl]-2-hydroxy-acrylic acid methyl ester (723 mg, 2.0 mmol) was 
added and the restdting solution stirred at 60 °C for 2h. The reaction nuxture 

10 was then cooled to room temperature and transferred to a separatory funnel. 
The solution was extracted with EtOAc, the organic layer separated, washed 
with H2O, satd NaCl, then dried over Na2S04. After filtration ihe solvent was 
removed to isolate 500 mg (67% yield) of 4-hydroxy-l-methyl-5-oxo-2,5- 
dihydro-lH-pyrrole-3-carboxylic add bis-(4-fluoro-ben2yl)-amide as an 

15 orange soUd. MS (M+H) calcd for C20H19F2N2O3: 373.1; found: 373.0. iH 
NMR (500 MHz, DMSO) 5: 2.94 (s, 3), 4.01 (s, 2), 4.46 (br s, 2), 4.55 (br s, 2), 
7.13-7.22 (overlapping m, 8). 

EXAMPLE 77 

20 Compound 77- A: (4<]Moro-beiizyl)-(3,4-didiloro-ben2yl)-arnine 
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From N-(4-chlorobenzyl)-3,4-dichlorobenzainide (Borgma et al. 
Farmaco Ed. Sci. 1977, 32, 813). iRNMR 400 MHz (CeDe) 5 (ppm): 3.22 (2H, s, 
NCHa), 3.31 (2H, s, NCH2), 6.78 (IH, d, J = 8.5 Hz, aromatic), 6.99 {2H, d, J = 
8.1 Hz, aromatics), 7.15 (2H, d, J = 8.1 Hz, aromatics), 7.24r-7.31 (3H, m, 
5 aromatics). 

Compotmd 77-B: N-f4-Chloro-benzvlV-N-f3.4-dichloro-benzvlV-acetamide 



O 




10 4-(ailorobenzyl)-(3,4-dichlor6benzyl)-amine was acetylated as 

described in the preparation of Compoimd 76-C and gave the title amide as a 
clear oil (78% yield). ^HNMR 400 MHz (CeDe) 5 (ppm), mixture of rotamers: 
1.77 and 1.78 (3H, 2 s, COCH3), 3.6 and 3.66 (2H, 2 s, NCHa), 426.and 4.33 
(2H, 2 s, NCH2), 637-7.2 (7H, aromatics). AnaL calcd for CieHwObNO: C, 

15 56.08; H, 4.12; N, 4.09. Found: C, 56.13; H, 4.07; N, 4.08. 

Compovmd 77-C: 3-rf4-Chloro-benzvl)-(3,4-dichloro-benzvl)-carbamovl1-2- 
hvdroxy-acrylic add methyl ester 



O OH 




N-(4-Chloroben2yl)-N-(3,4-dichlorobenzyl)-acetamide was reacted 
with dimethyl oxalate as described in the preparation of Compoimd 76-D 
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and gave the title methyl ester as a clear oil (40% yield). iHNMR 400 MHz 
(CDCI3) 5 (ppm): mixture of rotamers: 3.9 (3H, s, OCH3), 4.47, 4.5, 4.58 and 
4.62 (2 X 2H, 4 s, NCH2), 6.27 and 6.33 (IH, 2 s, CH), 7.0-7.48 (7H, m, 
aromatics), 14.33 and 14.37 (IH, 2 s, OH). 

Compound 77: 4-Hydroxy"l-methyl-5-oxO"2^-dihydro-lH-pyrrole-3- 
carboxylic add (4-KJnAoro-benzvl)-(3,4-dichloro-benzylVamide 




3-[(4<;hloroben2yl)-(3,4-dichlorobenzyl)-carbamoyl]-2-hydroxy- 
acrylic add methyl ester was reacted with paraformaldehyde and 
methylamine as described in the preparation of Compound 12 to give the title 
compoimd as a white solid (39% yield); mp 165 dec. iHNMR 400 MHz 
15 (CDCI3) 5 (ppm): 3.09 (3H, s, NCH3), 4.09, 4.55 and 4.56 (3 x 2H, 3 s, NCH2), 
7.05-7.45 (7H, m, aromatics), 10.3 (IH, broad, OH). 

EXAMPLE 78 

Compound 78-A: N-(3.4'Dichloro-phenyl)-N-(4rfluoro-benzyl)-acetamide 




3,4-(Dichlorophenyl)-(4-fluorobenzyl)-arnine was acetylated as 
described in the preparation of Compound 76-C and gave the title amide as a 
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dear oU (89% yield). ^HNMR 400 MHz (CeDe) 5 (ppm): 1.59 (3H, s, COCH3), 
4.56 (2H, s, NCH2), 6.04 (IH, broad s, aromatic), 6.71-6.98 (6H, m, aromatics). 
Anal, calcd for C15H12CI2FNO: Q 57.71; H, 3.87; N, 4.48. Found: C, 57.85; H, 
3.89; N, 4.49. 

Compound 78-B: 3'r(3.4-Di(Moro-phenylV(4'fluoro-ben2yl)-<:arbam 
hydroxy-acrylic add methyl ester 




N-(3,4-Didilorophenyl)-N-(4-fluorobenzyl)-acetamide was reacted 
with dimethyl oxalate as described in the preparation of Compound 76-D 
and gave the title methyl ester as a clear oil (40% yield). ^HNMR 400 MHz 
(CDCI3) 8 (ppm): 3.84 (3H, s, OCH3), 4.90 (2H, s, NCH2), 5.69 (IH, s, CH), 6.83 
15 (IH, dd, J = 2.0 Hz and J = 8.5 Hz, aromatic), 7.02 (2H, m, aromatic), 7.19 (3H, 
m, aromatic), 7.47 (IH, d, J = 8.5 Hz, aromatic), 13.83 (IH, s, OH). 

Compotmd 78: 4-Hydroxy-l-methyl-5K)xo-25-<iihydro-lH"pyrrole-3- 
carboxylic add (3.4-dichloro-phenyl)-(4-'fluoro-benzylVamide 




3-[(3,4-DicHorophenyl)-(4-fluorobenzyl)-carbamoyl]-2-hydroxy- 
acrylic add methyl ester (Compound 78-B) was treated with 
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paraformaldehyde and methylamine as described in the preparation of 
Compound 12 to give the title compound as a white solid (68% yield); mp 195 
oC, dec. iHNMR 400 MHz (CDCb) 6 (ppm): 2.9 (3H, s, NCHa), 3.03 (2H, s, 
NCHz), 4.90 (2H, s, NCH2), 6.87 (IH, dd, J = 2.5 Hz and J = 8.6 Hz, aromatic), 
5 7.02 (2H, m, aromatics), 7.2 (2H, m, aromatics), 7.22 (IH, d, J = 2.5 Hz, 

aromatic), 7.45 (IH, d, J = 8.6 Hz, aromatic), 11.9 (IH, broad, OH). Anal, calcd 
for C19H1SCI2FN2O3: C, 55.76; H, 3.69; N, 6.84. Found: C, 55.53; H, 3.61; N, 
6.75. 

10 EXAMPLE 79 

Compound 79-A: N-Benzyl-N-methyl-acetamide 




15 Compound 79-A was prepared using methods described in the 

previous examples. ^H NMR and ^ NMR show a mixture of rotamers at 
room temperature. iH NMR (500 MHz, CDCI3) 5: 2.20 (s), 2.95 (s), 2.97 (s), 
4.56 (s), 4.62 (s), 7.19-7.41 (overlapping m). "C NMR (125 MHz, CDCb) 5: 
21.42, 21.80, 33.82, 35.58, 50.68, 5429, 126.33, 127.41, 127.70, 128.07, 128.63, 

20 128.99, 136.46, 137.26, 170.88, 171.19. 

Compound 79-B: 3-(Benzyl-methyl-carbamoylV-2-hydroxy-acrylic add 

methyl ester 



25 




wo 2004/004657 



PCT/US2003/021371 



144 

Compound 79-B was prepared using methods described in flie 
previous examples. NMR shows a mixture of rotamers at room 
temperature. NMR (500 MHz, CDCI3) 5: 3.02 (s), 3.86 (s), 3.90 (s), 4.60 (s), 
4.66 (s), 6.31 (s), 6.34 (s), 7.18-7.40 (overlapping m). 

5 

Compotmd 79: 4-Hydroxy4-me1hyI-5-oxo-23Hiihydro-lH-py^ 
carboxylic add benzyl-mefliyl-amide 

O OH 

10 

Compotmd 79 was prepared using methods described in the previous 
examples. HRMS (M-H) calcd for C14H15N2O3: 259.10827; found 259.1082. 
NMR (500 MHz, CDCI3) 5: 3.03 (s, 3), 3.09 (s, 3), 4.15 (s, 2), 4.65 (s, 2), 7.23-7.37 
(m, 5). 13C NMR (125 MHz, CDCI3) 5: 29.95, 34.67, 50.80, 52.28, 108.72, 127.38, 
15 127,86, 128.94, 136.12, 154.15, 165.10, 166.46. 

EXAMPLE 80 
Method for the preparation of compounds 80-724 

20 PL-FMP resin (4-formyl-3-methoxy-phenoxymethyl functionalized 

polystyrene), VH-l in Scheme Vn or similar aldehyde derivatized resin 
(approximately 40 mg, 0.048 meq.) was suspended in 2ml of anhydrous DMF, 
anhydrous trimethylorthoformate and acetic acid mixture in 7:3:1 ratio. To 
this mixtuje was added a primary amine, Vn-2 in scheme VII, (0.72 mmol) 

25 followed by sodium triacetoxy borohydride (0.72 mmol). The resulting 

mixture was agitated for 72 h at room temperature using a shaker. The resin 
was fatered, washed successively witii (DMF, THF and DCM, 3 X 2 ml each), 
dried and xised as is in the next step. 
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The resin (VII-3 in Scheme VII) was stispended in anhydrous 
dichloromethane (ImL) and to this was added, 2,2-dimethyl-5- 
(carboxymethylene)-l,3-dioxalan-4-one (Compound HI- A) (16.5 mg, 0.096 
mmol), Pybop (50 mg, 0.096 mmol) and iPr2NEt (24.8 mg, 0.192 mmol). The 

5 resulting mixture was agitated for 48 h at room temperature using a shaker. 
Resin was fUtered, washed successively (DMF, THF and DCM, 3 X 2 ml 
each), dried and used in the next step. 

Next the resin, Vn-4 in Scheme VII, was suspended in 1ml anhydrous 
N-'methyI-2-pyrrolidinone (NMP). To this mixture was added a preformed 

10 imine mixture (preformed by heating aldehyde (18 mg, 0.55 mmol), and 
amine (0.5mmol) and 0.25 ml metiianol, at 70 °C for 2h) and the resulting 
mixture was heated with agitation in a sealed container at 70-80^c for 72 h. 
Resin was filtered, washed successively with (DMF, DMF/MeOH (1:1), THF 
and DCM, 3 X 2 ml each), dried. 

15 The final product, Vn-6 in Scheme Vn, was cleaved from the resin by 

treating with 1,5 ml of l:lmixture of trifluoroacetic add and dichloromethane 
for 1 h. TFA solution was filtered and the solvent was evaporated to give the 
required product. 

O OH 
H >-N 

X2 X3 

20 
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643 




OH 
0=/ 

Q )c 




541.1 


1.00 


644 


P-CH3 






553.2 


0.99 


645 


V V 




N ] 


551.2 


1.07 


646 


^ CI 


^0 




523.1 


1.37 
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Compd 


XI 


X2 


X3 


MSobsd 


LC 
RT(min) 


647 


^ CI 






534.1 


1.23 


648 


0-CH3 

t 






496J2 


1.13 


649 




xrV 


0 


494.2 


1.17 


650 


^ CI 






534.1 


1.25 


651 








526.2 


1.45 


652 




1 1 




536.3 


152 


653 


^ CI 






493.1 


1.59 


654 








4432 


1.42 


655 








423.1 


1.25 


656 




1/ 




5340 


1.16 
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Compd 


XI 


X2 


X3 


MSobsd 


LC 
RT(min) 


657 




-9 

OH 


I 

0 


494.2 


1.14 


658 








534.0 


1.16 


659 




""'-OH 




397.1 


1.21 


660 








429.1 


1.25 


661 




5o 


O-CH3 


441.1 


1.25 


662 






0-CH3 


439.2 


1.33 


663 


CI 

^ CI 






479.1 


1.38 


664 








511.1 


1.00 


665 




^ OH 




493.1 


1.41 
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Compd 


XI 


X2 


X3 


MSobsd 


LC 
RT(min) 


666 


P 




A 


437.2 


1.34 


667 


CI 


F 




485.1 


1.58 


668 


CP" 


F 




447.1 


1.38 


669 


cr ^ 


.lb 

F 




558.0 


1.20 


670 




F 




467,2 


1.47 














671 


a. 


F 




449.1 


1.52 


672 




H3C 


0 


430.2 


1.16 


673 




HgC^CHg 




474.3 


1.38 


674 


CI 

^ a 


H3C 




512.2 


1.64 


675 






^0 


404.1 


1.05 
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XI 


X2 


X3 


MSobsd 


LC 
RT(min) 


676 


Cl 






4541 


1.12 


677 






o 


446.2 


1.32 


678 






o 


458.2 


1.30 


679 






CH3 


456.2 


1,36 


680 


CI 




0 


496.1 


1.47 


681 


Or 






373 2 


1 36 


682 




/ 




305.1 


1.22 


683 




/ 


CH3 


369.1 


1.40 


684 




/ 


\ 

CH3 


319.1 


1.28 


685 








331.1 


1.25 


686 








397.1 


1.35 


687 








427.1 


1.45 
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Compd 


XI 


X2 


X3 


MSobsd 


LC 
RT(min) 


688 




/ 




389.1 


1.28 


689 


CL X, 


/ 




413.1 


1.36 


690 




/ 




375.1 


1J24 


691 


xy 

I 
CI 






395.1 


1.55 


692 








473.1 


1.59 


693 








435.2 


1.40 


694 


CI 






473.1 


1.61 


695 








496.1 


1.12 


696 


CK, 




0 


508.2 


1.15 


697 


CI 






546.1 


1.28 


698 


^ CI 






588.1 


1.60 
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Compd 


XI 


X2 


X3 


MSobsd 


LC 
RT(mm) 


699 


0-CH3 


0 


0 


550.3 


1.43 


700 


^ CI 






505.1 


1.62 


701 






0 


455.2 


1.43 


702 


^ CI 


0 Y 

if 




573.1 


1.11 


703 


CI 






523.1 


1.71 


704 


CI 

a 




A 


523.1 


1.76 


705 


^ CI 


0 


c 


596.1 


1.30 


706 








546.1 


1.19 


707 






Q 


5583 


1.19 
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Compd 


XI 


X2 


X3 


MSobsd 


LC 
RT(min) 


708 


CI 

^ CI 




H3C 


638.2 


1.76 


709 


/i \ 
\ / 


^ \. 


CH3 


517.2 


1.52 


710 


CI 


o 




555.1 


1.81 


711 


^ CI 






534.0 


1.19 


712 






0 


494.1 


1.15 


713 


^ CI 






534.0 


1.18 


714 








538.2 


131 


715 






H,C 


453.2 


1.44 


716 


^ a 


or 


A 

t^c ^ 


493.1 


1.49 
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Compd 


XI 


X2 


X3 


MSobsd 


LC 
RT(inm) 


717 








435.1 


1.42 


718 


^ CI 






^3.1 


1.43 


719 


^ CI 


QHL 

HaC-Ps V 


0^ 


578.1 


133 


720 




HsC-f S V 




528.1 


1.24 


721 




F 


19 


556.0 


1.24 


722 




\ 

F 




560.2 


1.44 


723 


or ^ 


F 

X, P \ 




583.1 


1.13 










724 








497.1 


1.67 
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EXAMPLE 81 



Method for the preparation of compotmds 715-1^ 

Compounds 81-A to 81-V were synthesized from [[2-(2,2-dimethyl-5- 
5 oxo-[l^]dioxolan-4-yUdene)-acetyl]-(4-fluorobenzyl)-aminooxy]-aceti^ add 
according to Scheme VIII. Amines VIII-3 ( 0.165 mmol) in 1,2-dichloroethane 
(1 ml) were treated at 5 <: with 2-(2-pyridyl)ethyl functionalized siHca gel 
(0.38 mmol) followed by a solution of [[2-(2,2-dimethyl-5-oxo-[i;3]-dioxolan- 
4-yKdene)-acetyl]-(4-fluorobenzyl)-aminooxy]-acetyl chloride, VIII-2, (0.165 
10 mmol) in 1,2-dichloroethane (1 ml). After one hour at 25 ^C, the reaction 
mixtures were filtered and purified on a Shimadzu automated preparative 
HPLC system (column Waters X Terra C-8, 5 / 19 x 100 mm, elution H2O 5 
mM NH4OAC - acetonitrile). The collected compoimds were analysed using 
the following LC/MS conditions. 



Solvent B: 90 % CH3CN - 10 % HaO , 5mM NH4OAC 
Gradient: 100 % solvent A / 0 % solvent B to 0 % solvent A / 100 % 



15 



Colimin: 



X Terra 5[i C-8, 4.6 x 30 mm 

Solvent A: 10 % CH3CN - 90 % H20 , 5mM NH4OAC 



Solvent: 



20 



solvent B 



Gradient time: 2 minutes, hold time 1 minute. 



How rate: 



4ml/min. 



Detector wavelenght: 220 run. 
Spectrometry (MS) data were determined with a Micromass ZMD 
25 Platform TSQ 7000 LC/MS in positive electrospray mode. 
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Compound 


Xi 


HPLC 
Retention time 
(min) 


MS Data 
(M+H)+ 


81-A 


N 


1.34 


423 


81-B 




1.95 


602 


81-C 




1.69 


457 


81-D 




1.68 


461 


81-E 




1.75 


477 


81-F 




1.64 


473 


81-G 




1 71 

X./ X 




81-H 




1.79 


511 


81-1 




1.72 


475 


81-J 




2.08 


643 


81-K 




1.87 


499 


81-L 




1.72 


449 
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81-M 


XX 


1.53 


451 


81-N 


OCH3' 


1.48 


455 




T IN ' 


1.81 


465 






2.08 


521 


81-Q 


' 0 


1.53 


453 


81-R 




1.47 


472 


81-S 




1.49 


469 


81-T 


0 


1.31 


478 


81-U 


H 


1.43 


381 


81-V 




1.59 


409 



According to the method illustrated in Scheme Vm, the dioxolanes 81- 
A to 81-V, Vin-4 in tiie scheme, (approximately 0.06 mmol ) were treated 
with a solution of formaldehyde-methyl amine adduct (0.12 mmol) in 
5 methanol (1 ml) as described in the preparation of Compoimd 44 (Method 
44B) and the resulting mixtures were heated at 50 °C for 45 min. The reaction 
mixture was then diluted with acetonitrile (1 ml) and purified on a Shimadzu 
automated preparative HPLC system (colimm Waters X Terra C-8, 5 n , 19 x 
100 mm, elution water 0.05 % TFA - acetonitrile ). The collected compounds 
10 were analysed using the following LC/MS conditions. 



Column: 
Solvent 



X Terra 5\i C-8, 4.6 x 30 mm 

Solvent A: 10 % CH3CN - 90 % H20 , 0.05 % TFA 

Solvent B: 90 % CH3CN - 10 % H20 , 0.05 % TFA 
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Gradient 100 % solvent A / 0 % solvent B to 0 % solvent A / 100 % 
solvent B 

Gradient time: 2 minutes, hold time 1 minute. 
Flow rate: 4 ml/min. 
5 Detector wavelenght: 220 nm. 

Spectrometry (MS) data were determined with a Micromass ZMD 
Platform TSQ 7000 LC/MS in positive electrospray mode. 

O ?H 



10 




Compound 


XI 


HPLC 
Retention time 
(min) 


MS Data 
(M+H)+ 


725 


0 


1.12 


408 


726 




1.77 


587 


727 




1.48 


442 


728 




1.47 


446 


729 




1.54 


462 


730 




1.43 


458 


731 




1.51 


442 


732 




1.60 


496 
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Compoiind 


XI 


HPLC 
Retention time 
(min) 


MS Data 
(M+H)+ 


733 




1.52 


460 


734 


CI 


1.93 


628 


735 




1.68 


484 


/oo 


1 


1.51 


434 


737 


?• 

A 


1.27 


436 


738 


OCH3' 


1.23 


440 


739 




1.62 


450 


740 




1.93 


506 


741 


1 0 


1.29 


438 






0.98 


457 


/ rxO 




1.26 


454 


744 




1.11 


463 


745 


H 


1.16 


366 


746 




1.35 


394 
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EXAMPLE 82 
Method for the preparation of compounds 747-750 

The general method for the synthesis of compounds 747-750 is 
outlined in Scheme X. 

Compound 82-A: l-f2,2"Dimethoxy-ethyl)-4-hydroxy-5-oxcH23-^ 
pyrrole-SKarboxylic acid (3.4-dichloro-benzylVmethyl-amide 




To a solution of 2-anunoacetaldehyde dimethylacetal (0.526 g mL, 5.0 
mmol) and paraformaldehyde 90.15g, 5 mmol) in MeOH (10 mL) at 55 °C 
was added N-(3,4-didiloro-beiizyl)-2-(2,2-dimethyl-5-oxo-[l^]dioxolan-4- 
ylidene)-N-methyl-acetamide (1.715 g, 5.0 mmol). After 45 min, the reaction 

15 mixture was cooled and purified by preparative HPLC on a C18 reverse 
phase column using acetonitrile (40-50%) /water (0.1% TFA) as eluent. The 
fractions containing the desired product were combined, concentrated and 
lyophilized to yield the titie compoxmd as an amber oil (0.68g, 34% yield). 
NMR (300 MHz, CDCI3) 6: 10.81 (bs, IH), 7.42 (d, 1HJ=8.1), 7.35 (d, IH, 

20 7=1.8), 7,10 (dd, IH, /=8.1, 7=1.8), 4.59 (s, 2H),.4.47 (t, IH, 7=5.1), 4.27 (s, 2H), 
3.59 (d, 2H, 7=5.1), 3.38 (s, 6H), 3.02 (s, 3H). HRMS (M+Na) calcd for 
Ci7H2oN2Cl205Na: 425.0647; found: 425.0647. 
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Compound 747: 4rHydroxy-5<)xo-l-f2-(4-pyridin-4-yl-piperaz^ 
ethvll-2^-dihydro"lH-pyrrole-3-carboxylic add (3.4-KiicMoro-benzylVmethyl- 
amide 



5 




A solution of l-(2,2-diaaethoxy-eihyl)-4-hydroxy-5-oxo-2^-dihydro- 
lH-pyrrole-3-carboxylic add (3,4rdidiloro-benzyl)-methyl-amide (0.29 g, 0.71 
mmol) in acetonitrile/water (10 mL, 2.5:1) was stirred witii trifluoroacetic 

10 add (ImL) overnight at room temp. The mixture was concentrated then 
dissolved in MeOH (3 mL). l-(4-pyridyl)-piperazine (0.42 g, 2.6 mmol) was 
added and the resulting mixture was stirred at room temp 30 min. Sodium 
cyanoborohydride (0.013 g, 0.2 mmol) was added and the mixture was stirred 
an additional 5 h at room temp. The crude product was purified by 

15 preparative HPLC (YMC Combiprep ODS-A, 30mm x 50mm, 

MeOH/H2O/0.1% TFA) to yield the tide compound as an amber foam 
(0.0042 g, 12% yield). HRMS (M+H) calcd for C24H28N5CI2O3: 504.15693; 
found: 504.1564. 
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Compound 748: l-{2-[4-(4rFluoro-phenyl)piperazine-l-yl1-^thvl}-4-hydr 
5-oxo-23Kiihydro-lH--pyrrole-3-carboxylic add (3.4-<lLcMoro-benzyl)-methyl- 
ajnide 




Compound 748 was prepared from l-(2^-dimethoxy-ethyl)-4- 
hydroxy-5-oxo-2^-dihydro-lH-pyrrole-3-carboxylic add (3,4-dichloro- 
benzyl)-methyl-amide and l-(4~fluoro-phenyl)-piperazine using the method 
10 described for compoimd 747. The title compound was isolated as an amber 
foam (0.009 g, 25% yield). HRMS (M+H) calcd for C24H28N4a203F: 
521.15226; found: 521.1531. 
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Compoimd 749: l-r2-(4-Benzori31dioxol-5-ylmefeyl"pipera2m4-ylVet^^ 
hvdroxy-5K)xo-23-ciihydjo-lH-pyrrole"3-cajbo^ add (3,4-dichloro- 
benzylVmethyl-amide 



5 




Compotmd 749 was prepared from l-(2,2-dimethoxy-ethyl)-4- 
hydroxy-5<)xo-2^-dihydro-lH-pyrrole-3K:arboxylic add (34-dichloro- 
benzyl)-methyl-amide and l-bem;o[l^]dioxol-5-ylmethyl-pipera2mie lasing 
the niethod described for compound 747. The title compotmd was isolated as 
a white soUd (O.0068 g, 17% yield). HRMS (M+H) calcd for C27H3iN4Ch05: 
561.16716; found: 561.1674. 

Compound 750: l-r2-(2.6-EHmethyl"morpholin-4-yl)--ethyl]-4-hydro^^ 
15 2^"dihydro-lH-'pyrrole-3-carboxylic add (3,4-dichloro-benzyl)-methyl-amide 




10 
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Compound 750 was prepared from l-(2,2-dimethoxy-ethyl)-4- 
hydroxy-5-oxo-2^-dihydro-lH-p5nTole-3-carboxylic acid (3,4-dichloro- 
benzyl)-methyl-amide and 2,6-dimetiiyl-morpholine xising the method 
described for compotind 747. The title compoimd was isolated as a pale 
5 yellow powder (0.014 g, 14% yield). HRMS (M+H) calcd f or C21H28N3CI2O4: 
456.14570; found: 456.1472. 

EXAMPLE 83 
Method for the preparation of compotmds 751-758 
10 The general method for the synthesis of compoimds 751-758 is 

outlined in Scheme XI. 

Compoimd 751: l-(3-Dimethylcarbamoyl-propyl)-4-hydroxy-5-oxo-2^" 
dihydro-lH-pyrrole-3-carboxylic add (3.4-dichloro-benzyl)'meihyl-amide 

15 




To a solution of 4-{4r[(3,4-dichloro-benzyl)-methyl-carbamoyl]-3- 
hydroxy-2-oxo-23-dihydro-pyrroH-yl}-but5n:ic add. Compound 24, (0.06 g, 
20 0.15 mmol) in dichloromethane (1 mL) was added EDC (0.057 g, 0.3 mmol), 
HOBT (0.0020 g, 0.015 mmol) and dimethyl amine (0.15 mL, 2 M solution in 
THE, 0.30 mmol). The mixture was stirred at room temp for 6 h then 
concentrated and the crude product purified by preparative HPLC (YMC 
Combiprep ODS-A, 30mm x 50mm, MeOH/H2O/0.1% TEA) to yield tiie title 
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compound as an amber oil (0.0147 g, 23% yield). HRMS (M+H) calcd for 
C19H24N3CI2O4: 428.11440; found: 428.1143. 

Compound 752: 4"Hvdroxy4-(4-morpholm-4-yl-4K)xo-butyl)-^^ 
5 dihvdro-lH-pyirole-3-carboxvlic add (3,4-dichloro-ben2ylVmethvI-a3aiide 



Compound 752 was prepared firom 4-{4-[(3,4-dichloro-ben2yI)-methyl- 



10 carbamoyl]-3-hydroxy-2<>xo-2,5Kiihydro-pyrroW-yl}-bu add and 
morpholine using the method described for compound 751. The title 
compound was isolated as an amber oil (0.0148 g, 21% yield). HRMS (M+H) 
calcd for C21H26N3CI2O5: 470.12496; found: 470.1256. 
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Compoimd 753: 4-Hydroxy-l"r4-(4-methyl>pipera2in-l-vl)"4<)xc^^ 
oxo-23~dihyciro--lH-pyrrole-3-carboxylic add (3,4"dicMoro-benzvl)-inethyl- 
amide 



5 




Compound 753 was prepared from 4r{4-[(3,4-dichloro-benzyl)-metitiyl- 
carbamoyl]-3-hydroxy-2-oxo-2,5-dihydro-pyrrol-l-yl}-^^ acid and 4- 
methyl-piperazine using the method described for compound 751, The title 
10 compound was isolated as a white powder (0.0508 g, 42% yield). URMS 
(M+H)calcdforC22H29N4Cl204: 4831566; found: 483.1581. 

Compound 754: 4-Hydroxy-l-(3-methylcarbamoyl-propylV5-oxo-2^- 
dihvdro-lH-pyrrole-3-carboxylic add f3.4-dichloro-benzylVmethyl-amide 

15 




Compound 754 was prepared from 4-{4-[(3,4-dichloro-benzyl)-methyl- 
caibamoyl]-3-hydroxy-2-<)xo-2,5-dihydro-pyrroW-yl}-buty^ add and 
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methylamine using the method described for compotind 751. The title 
compound was isolated as a white powder (0.0192 g, 18% jdeld). HRMS 
(M+H)calcdforCi8H22N3Cb04: 41409875; found: 414.0969. 

5 Compouaid 755: 4-Hvdroxy4-(4-methanesulfonylamino-4K)xo43utvI)-5^ 

23-dihydrO'lH-'pyrrole-3-carboxylic acid f3.4-dichloro-ben2yl)-meaiyl-amide 




10 Compound 755 was prepared from 4-{4-[(3,4-dichloro-benzyl)-methyl- 

carbamoyl]-3-hydroxy-2-oxo-2^-dihydro-pyrrol-l-yl}-butyTic acid and 
methane sulfonamide using the method described for compomd 751. The 
title compoxmd was purified by preparative HPLC (CIS, ODS-A, S-75|im, 
30%-40% acetonitrile/water/0.5%TFA) and isolated as a white powder 

15 (0.0158 g, 13% yield). HRMS (M-H) calcd for C18H20N3CI2O6S: 476.04499; 
found: 476.0431. 
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Compound 756: l-[4-(3^-DimethyHsoxazole-4-^iatfonylai^^ 
4-hvdroxy-5<>xO"23-dihydro-lH-pyrrole-3K^ acid (3.4-dicMoro- 

benzvD-methyl-amide 



Compound 756 was prepared from 4-{4-[(3,4-dichloro-ben2yl)-methyl- 
carbamoyl]-3-hydroxy-2K)xo-2^-dihydro-pyrrol-l-yl}-butyric add and 3^- 
dimethyl-isoxazole-4-sulfonic acid amide using the method described for 
10 compound 751- The title compound was purified by preparative HPLC (C18, 
ODS-A, S-75)xm, 40% acetoratrile/water/0.5%TFA) and isolated as a white 
powder (0.0296 g, 21% yield). HRMS (M-H) calcd for C22H2sNr4a207S: 
557.06645; found: 557.0663. 

15 Compoimd 757: 4-Hydroxy-5-oxo-l-r4-oxo^(l"phenyl- 

cvdopropanesijJfonylamino)-butyl1-23-dLhydrO"lH-pyrrole-3KarboxyU^ add 
(3,4-dichloro-benzyl)-methyl-amide 
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Compound 757 was prepared from 4-{4-[(3,4-dichloro-ben2yl)-meliiyl- 
carbamoyl]-3-hydroxy-2K)XO-2^Klihydro-pyn:ol-l-yl}-but^ acid and 1- 
phenylKyclopropanestdf oriic add amide using the method described for 
compound 751. The title compound was purified by preparative HPLC (C18, 
5 ODS-A, S-75fim, 50% acetonitrile/water/0.5%TFA) and isolated as a white 
powder (0.0026 g, 3% yield). HRMS (M-H) calcd for C26H30N3CI2O6S: 
582.12324; foimd: 582.1215. 

Compound 758: 4>Hydroxy-l-(2"morpholin-4-yl-2H)xo-ethyl)-5-oxo-2^- 
10 dihydro-lH-pyrrole-3-carboxylic acid (3,4-<LLchloro-benzylVmethyl-amide 




Compotmd 758 was prepared from {4-[(3,4<lichloro-benzyl)-methyl- 
15 carbamoyl]-3-hydroxy-2-oxo-2,5-dihydro-pyrrol-l-yl}-acetic add. Compound 
20/ and morpholine using the method described for compotmd 751. The title 
compound was isolated as a white powder (0.0088 g, 20% yield). HRMS 
(M+H) calcd for C19H22N3CI2O5: 442.09366; found: 442.0951. 

20 EXAMPLE 84 

Method for the preparation of compounds 759-765 

The general method for the synthesis of compoimds 759-765 is 
outlined in. Scheme XII. 
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Compoimd 84-A: 4-Hydroxy~5<)xo-l-(2-piperazin-l-yl-ethvl)-2^>dihydro- 
lH-pviTole-3-carboxylic add (3.4-dicMoro-beii2yl)"methyl-amide 




H 

.5 

Compoimd 84-A was prepared from N-(3,4-dichloro-benzyl)-2-(2,2- 
dimelhyl-5<)xo-[l^]dioxolan-4-yMene)-N-methyl-acetami and 2- 
piperazm-l-yl-efhylamine using the method described for compound 37. The 
title compound was isolated as a white solid (0.183 g, 86% yield). HRMS 
10 (M+H)calcdforCi9H^3Cl204: 427.13038; foxmd: 427.1307. 

Compoimd 759: l-r2-(4-Benzoyl-piperazin-l-yl)-ethyn-4-hydroxy-5-oxo-23- 
dihvdro-lH-pyrrole-3-carboxylic acid (3,4-dichloro-benzyl)-methyl-amide 



15 




To a solution of benzoyl chloride (0.023 mL, 0.23 mmol) in 
dichloromethane (ImL) cooled to 0 **C was added dxopwise a solution of 4- 
hydroxy-5-oxo-l-(2-pipera2dn-l-yl-^thyl)-2>dihydro-lH-pyrrol^^^ 
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carboxylic adLd (3,4-dicUoro-benzyl)-methyl-arnide (O.lOg, 0.20 mmol) in 
pyridine /dichloromethane (4 mL, 1:1). The resiilting mixture was stirred at 
room temp 18 h and quenched with IN HCL The organic phase was washed 
with IN HCl (3 times). The aqueous washings were combined and purified 
5 by preparative HPLC (C18, ODS-A, S-75(im, 30% 

acetonitrile /water/ 0.5%TFA) to give the title compound as a white powder 
(0.0215 g, 20% yield). HRMS (M+H) calcd f or C26H29N4CI2O4: 531.1566; 
found: 531.1563. 

10 Compound 760: l-{2-f4-(4'nuoro-benzoyl)-piperazin'l-yl1-ethyl}-4-hydroxy- 
5-oxo-23Kiihydro--lH-pyrrole-3-carboxylic acid (3,4-dichloro-benzyl)-methyl- 
amide 




15 

Compoimd 760 was prepared from 4-hydroxy-5-oxo-l-(2-piperazin-l- 
yl-ethyl)-23-dihydro-lH-pyrrole-3-carboxylic add (3,4-dichloro-benzyl)- 
methyl-amide and 4-fluoro-benzoyl chloride using the method described for 
compoimd 759. The title compound was purified by preparative HPLC (CIS, 
20 ODS-A, S-75Min, 30% acetonitrile/water/0.5%TFA) and isolated as a white 
powder (0.0098 g, 2% yield). HRMS (M-H) calcd for C26H26N4a204F: 
547.13151; found: 547.1310. 



wo 2004/004657 



PCTAJS2003/021371 



227 



Compoimd 761: 4-Hydroxy-l-(2-r4-(4'methyl"benzoyl)-piperazm 
ethvl}-5-oxo-23-dihydxo-ltf-pyrrole-3 carboxylic acid (3.4-dichloro-benxyl)- 
methyl-anude 



Compound 761 was prepared from 4-hydroxy-5-oxo-l-(2-piperazin-l- 
yl-ethyl)-2^Hiihydro-lH-pyTrole-3-carboxylic add (3,4-dichloro-benzyl)- 
methyl-amide and 4-methyl-benzoyl chloride vising the method described for 
10 compotmd 759. The title compoimd was purified by preparative HPLC (C18, 
ODS-A, S-75^m, 30%-40% acetonitrile/water/0.5%TFA) and isolated as a 
white powder (0.0210 g, 17% yield). HRMS (M+H) calcd for C27H31N4CI2O4: 
545.17225; found: 545.1720. 



5 
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Compound 762: 4-Hy(koxy-5-oxo-l-{2-f4-(pyridine-2K:arbonvlVp 
ylVethyl|~23-dihydro-lH-pyrrole-3-carboxylic add (3.4-dichloro-beii2ylV 
methyl-amide 



Compound 762 was prepared from 4-hydroxy-5-oxo-l-(2-piperazin-l- 
yl-ethyl)--2^dihydro-lH-pyrrole-3-carboxylic add (3,4-didiloro-benzyl)- 
methyl-amide and pyridine-2-carbonyl dilpride using the method described 
10 for compoimd 759. The title compound was purified by preparative HPLC 
(C18, ODS-A, S-75|Lim, 10%-20%-30% acetomtrile/water/0.5%HCl) and 
isolated as a brown solid (0.0476 g, 39% yield). HRMS (M+H) calcd for 
C25H28N4CI2O5: 53215184; found: 532.1514. 



5 
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Compound 763: 4-Hydroxy-l-{2-r4-(isoxazole-5<arbonvl)-piperaziQ-l-yl1- 
ethyl}-5<)xo-2^-dihydro4H"pyTrole-3<arboxylic add (3^4-dicjhloro-beiTZvlV 
methyl-amide 



Compound 763 was prepared from 4-hydroxy-5-oxo-l-(2-piperazin-l- 
yl-^ihyl)-2^Kiihydro-lH-p)nTole-3-carboxylic add (3,4-didiloro-benzyl)- 
methyl-amide and isoxazole-5-carbonyl diloride using the method described 
10 for compoxmd 759. The title compound was purified by preparative HPLC 
(C18, ODS-A, S-75jim, 10%-20%-30% acetoratrne/water/0.5%HCl) and 
isolated as a brown solid (0.0268 g, 22% yield). HRMS (M+H) calcd for 
C23H26N5Ck05: 522.13111; found: 522.1312. 



5 
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Compoimd 764: 4"Hydroxy-l-f2-(4-methanesulfonyl"piperazm-l"yl)~ 
oxo~2^-dihydro-lH-pyrrole"3-carboxylic acid (3.4-dichloro-benzvl)-methyl- 
amide 



5 




Compound 764 was prepared from 4-hydroxy-5-oxo-l-(2-piperazin-l- 
yl-ethyl)-2^-dihydro-lH-pyrrole-3-carboxylic add (3,4<iichloro-benzyl)- 
methyl-amide and methanesulfonyl chloride xising the method described for 
10 compound 759, The tide compoimd was ptirified by preparative HPLC (C18, 
ODS-A, S-75jim, 10%-20%-30% acetoiutrile/water/0.5%HCl) and isolated as 
a brown solid (0.0140 g, 12% yield). HRMS (M+H) calcd for C20H27N4CI2O5S: 
505.10793; found: 505.1095. 
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Compound 765: l-r2-f4-Dimethylsti]famoyl"piperazin"l-yl)'^ 
5-oxo-23~dihydro-lH-pyrrole-3<arboxylic add (3.4-<UdilorO'ben2yl)--methyl- 
amide 



Compoimd 765 was prepared from 4-hydroxy-5-oxo-l-(2-piperazin-l- 
yl-ethyl)-2^-dihydro-lH-pyrrole-3-carboxylic add (3,4-didiloro-benzyl)- 
methyl-amide and dimethylsulfamoyl diloride using the method described 
10 for compound 759. The title compoimd was purified by preparative HPLC 
(C18, ODS-A, S-ZSfmi, 30% acetonitrile/water/0.5%HCl) and isolated as a 
brown soUd (0.0231 g, 19% yield). HRMS (M+H) calcd for C21H30N5CI2O5S: 
534.13448; found: 534.1322. 

15 EXAMPLE 85 

Compound 766: 4-Hydroxy-5-oxo-l'r2'(4-oxy-morpholui-4-yl)-ethyn-23- 
dihydro-ltf-pyrrole'3-carboxylic add (3.4-dichloro-benzylVmethyl-amide 



5 




/ 
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10 



15 



To a solution of 4rhydroxy-l-(2-morpholiii-4-yl-ethyl)-5-oxo-2^- 
dihyclro-lH-p)nrrole-3-carboxylic add (3,4-dicWoro-benzyl)-methyl-ainide 
(0.069 g, 0.16 mmol) in dichloromethane (1 mL), was added meta-chloro- 
peroxy-benzoic add (MCPBA) (0.036 g, 0.21 mmol). The mdxture was stirred 
for 24 h then concentrated. Purification using preparative HPLC (C18, ODS- 
A, S-ZSjim, 30% acetonitrile/water/0.5%HCl) gave the title compound as a 
white solid (0.03 g, 94% yield). HRMS (M+H) calcd for Ci9H24N3Ch05: 
444.10931; found: 444.1073. 

EXAMPLE 86 
Method for the preparation of compounds 767-777 

The general method for the preparation of compotmds 7&7-777 is 
outlined in Scheme Xm. 

Compound 86-A: 2-Methyleneamino-ethanol 



2-Aminoethanol (0.061 g, 1.0 mmol) and paraformaldehyde (0.03 g, 1.0 
mmol) were stirred in methanol (10 mL) at 55"* C until the solids dissolved 
(approximately 20 min). The solution was cooled and used without further 
purification 




OH 
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Compound 767: 4-Hydioxy--l-(2-hydroxy-ethyl)-5'Oxo-2^ dihydro-lH- 



pyrrole-3-carboxylic add (3.4-<iicMoro-bemyl)-methvl-amide 




OH 



5 



To a solution of 2-methyleneainino-ethanol (1 mL, 0.1 mmol) in MeOH 
(1 mL) was added N-(3,4-dicWoro-ben2yl)-2-(2,2-Kiimethyl^^^ 
[13]dioxolan-4-yUdene)-N-methyl-acetainide (0.036 g, 0.1 mmol). The 
mixture was stirred at 55° C for 1 h, cooled and purified by preparative 
10 HPLC (YMC Combiprep ODS-A, 30mm x 50mm, MeOH/H2O/0.17o TFA). 
The title compound was isolated as a white foam (0.018 g, 49% yield). HRMS 
(M-H)calcdforCi5Hi5N2Cl204: 357.04089; found: 357.0396. 

Compoimd 768: 4-Hydroxy'l-f l-hydroxymethyl-2-f lH-rndol"3-yl)-€t^^ 
15 oxo-23-dihydro-lH-pyrrole-3-carboxylic add (3.4-dichloro-benzylVmethyl" 



amide 




20 Compoimd 768 was prepared from N-(3,4-dichloro-benzyl)-2-(2;2- 

dimethyl-5-oxo-[l^ldioxolan-4-ylidene)-N-methyl-acetamide, 
paraformaldehyde and 2-amino-3-(lH-indol-3-yl)-propan-l-ol according to 
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tiie procedures described for compotmd 86-A and compoimd 767. The title 
compound was isolated as a yellow solid (0.0038 g, 8% yield). ^HNMR (300 
MHz, CDCI3) 5: 7.52 (IH, d, J = 8.05 Hz), 7.36-7.29 (3H, m), 7.14-6.98 (4H, m), 
4.46 (2H, s), 4.40-4.36 (IH, m), 3.99 (2H, s), 3.81-3.78 (2H, m), 3.11-3.08 (3H, 
5 m),2.85(3H,s). 

Compounds 769-777 

As illustrated in Scheme Xn, compouoids 769-777 were prepared from 
N-(3,4-dichloro-benzyI)-2-(2,2-dimethyl-5-oxo-[13]dioxolan-4-ylidene)-N- 
10 methyl-acetamide, paraformaldehyde and an amine, 1-7, according to the 
procedures described for compound 86-A and compound 767. 



Xi 



Compound 


XI 


LC/MS 
Retention time 
(min) 


MScalcd 
(M + H) 


MS found 


769 


( 




1.5 


451.3 


433.3 


770 




1.4 


373.2 


373.3 


771 




1.6 


401.3 


401.3 


772 




1.4 


389.2 


389.3 


773 


CC 


1.6 


413.3 


413.3 


774 




0 


1.4 


417.3 


417.3 
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775 




1.4 


373.2 


373.3 


776 




1.3 


389.2 


3893 


777 




1.4 


373.2 


373.3 



EXAMPLE 87 

Method for the preparation of compounds 778-781 



5 Compound 87-'A: 2-(2.2-Dimethyl"5<)xo-ri^1dioxolan-4-yHdeneVN"methy^^ 
N-naphthalen-l-ylmethyl-acetamide 




10 Reaction of (2,2-dimethyl-5-oxo-[l^]dioxolan-4-ylidene)-acetyl 

chloride with methyl-naphthalen-l-yl^methyl-amine as described in the 
preparation of Compound 44-C gave the title amide as a, pale yellow oil 
(0.4931 g, 26% yield). iRNMR (300 MHz, CDCI3) 5: 8.18 (0.6H, d), 7.88-7.80 
(2.4 H, m), 7.54-7.38 (4H, m), 6.17 (0.6H, s), 6.08 (0.4H, s), 5.13 (1.2H, s), 5.06 

15 (0.8H, s), 3.08 (1.2H, s), 2.90 (1.8H, s), 1.73 (3.6H, s), 1.67 (2.4H, s). 



Compound 87-B: 2-Hydroxy-3-(methyl-riaphthalen--l-'yhnethyl-carbamoyl)- 
acrylic add methyl ester 
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2-(2,2-Dimethyl-5<>xo-[l^]dioxolan-4-yUdene)-N-meth^^ 
naphthalen-l-ylmethyl-acetarnide was treated with methanol as described in 
the preparation of Compound 44-D and gave the title ester as a colorless oil 
(0.04 g, 33% yield). iRNMR (300 MHz, CDCI3) 5: 14.65 (IH, bs), 7.89-7.82 
5 (3H, m), 7.57-7.20 (4H, m), 6.31 (0.6H, s), 6.21, (0.4H, s), 5.15 (1.2H, s), 5.07 
(0.8H, s), 3.89 (1.8H, s), 3.80 (1.2H, s), 3.11 (1.2H, s), 2.94 (1.8H, s). 

Compounds 778-781 

2-Hydroxy-3-(methyl-naphthalen-l-yknethyl-carbamoyl)-acrylic acid 
10 methyl ester was treated with paraformaldehyde and an amine according to 
the procedtire described in the preparation of compoimd 12 to yield 
compoimds 778-781. 




Compound 


XI 


LC/MS 
retention 
time 
(min) 


MS calculated 
(M + H) 


MS 
found 


778 




1.4 


325.4 


325.4 


779 
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410.5 


410.4 


780 




1.3 


341.4 


341.4 


781 


^OH 


1.2 


371.4 


371.4 



15 
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EXAMPLE 88 

Compound 782: 4-[3"Hydroxy-4-(methyl-naphihalen-l-ylmeihy 
2-oxo-2.5-dihydro-pyrrol-l-yll-butyric add 



5 




2-Hydroxy-3-(methyl-naphthalen-l-ylmethylK:arbamoyl^^ add 
methyl ester was treated wiih paraformaldehyde and 4-ammo-butyric add 
according to the procedttre described in the preparation of compoimd 12 to 
10 give the title compound as a white powder (0.0210g, 55% yield). ). ^HNMR 
(300 MHz, CDCI3) 5: 7.93-7.81 (2H, m), 7.55-7.42 (4H, m), 7.42-7.28 (IH, m), 
5.13 (2H, s), 4.14 (2H, s), 3.52-3.50 (2H, m), 2.36-2.29 (2H, m), 1.90-1.87 (2H, 
m). 

15 EXAMPLE 89 

Method for the preparation of compotmds 783-791 

The general method for the preparation of compoimds 783-791 is 
illustrated in Scheme XV. 

20 Compound 89-A: (4-Fluoro-2-methylsulfanyl-ben2yl)-methyl-amine 
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A suspeinsion of 2, 4-difluorobenzaldehyde (16 mL, 146 mmol) and 
soditim thiomethoxide (14 g, 200 mmol) in toluene (200 mL) was stirred at 80 
°C for 7 h and 14 h at room temperature. The reaction mixture was diluted 
with ether (300 mL), washed with water (100 mL), saturated aqueous 

5 NaHCOS (100 mL) and brine (50 mL). The aqueous layers were combined 
and extracted with ether (2 X 100 mL). The organic layers were combined 
and dried over anhydrous Na2S04/ filtered and concentrated to give a viscous 
oil. This viscous oil was dissolved in ether/hexanes (1:1, v/v) and slowly 
concentrated on under vacuum. The precipitated white solid was separated 

10 by Alteration and dried to give 2-mefhylthio-4-fluorobenzaldehyde (18.7 g, 
75% yield). ^HNMR (500 MHz, CDCI3) 5: 10.11 (IH, s), 7.78 (IH, dd, J = 8.55, 
6.11 Hz), 6.97 (IH, dd, J = 10.07, 2.44 Hz), 6.91 (IH, td, J = 8.54, 2.44 Hz), 2.45 
(3H, s). MS calcd for CsHyFOS (M+H): 171.2; found: 171.6. 

15 A solution of 2-methylthio-4-fluorobenzaldehyde (2.04 g, 12 mmol) 

and 2M methylamine in methanol (24 mL, 48 mmol) was stirred at room 
temperature for 2 h. To this was added a solution of ZnCh (0.818 g, 6 mmol) 
and NaCNBHs (0.754 g, 12 mmol) in methanol (30 mL). After stirring for 20 
h, the reaction mixture was concentrated and the resulting residue was taken 

20 up in aqueous NaOH (0.5 M, 20 mL), extracted with CH2CI2 (5 X 50 mL). The 
combined organic layers were concentrated and the resulting residue was 
taken up in IN HCl (25 mL). This solution was extracted with ethyl acetate (3 
X 25 mL). The organic layers were discarded and aqueous layer was brought 
to pH 9 by adding NazCOa and extracted with CH2CI2 (3 X 50 mL). The 

25 combined CH2CI2 layers were dried over MgS04, filtered and concentrated to 
give the desired benzylamiae as a viscous pale yellow oil (1.4 g, 60% piare). 



wo 2004/004657 



PCTAJS2003/021371 



239 

Compound 89-B: 2-(22-Dimethyl'5<>xo-fi;31dioxolan-4-yUdene)-N-(4-fluorQ- 
2-methylsulfanyl-beiizyl)-N"methyl-acetar^ 



To a stirred solution of (4-fluoro-2-me1iiylsiilf anyl-benzyl)-methyl- 
amine (1.3 g) and diisopropylethylainine (1.74 mL, 10 mmol) in CH2CI2 (60 
mL) was added (2,2-dimethyl-5"Oxo-[13]dioxolan-4-ylidene)-acetyl chloride 
(1.1 g, 6 mmol). After 1 h, the reaction mixture was concentrated and the 

10 restdting residue was taken up in ether (100 mL), washed with IN HQ (10 
mL) and brine (10 mL). The organic layer was dried over anhydrous Na2S04 
, filtered and concentrated to give a viscous yellow oil. Flash 
chromatography on a silica gel column with 3:2 hexanes/EtOAc followed by 
2:3 hexanes/EtOAc gave the desired product as a 1:1 mixture of E and Z 

15 isomers 1.8123 g, 89% yield). ^HNMR (500 MHz, CDCb) 6: 7.17 (0.5H, dd, J = 
8.54, 6.11 Hz), 7.00 (0.5H, dd, J = 8.55, 5.8 Hz), 6.94-6.89 (IH, m), 6.83-6.77 (IH, 
m), 6.17 (0.5 H, s), 6.04 (0.5H, s), 4.68 (IH, s), 4.51 (IH, s), 2.98 (1.5H, s), 2.97 
(1.5H, s), 2.48 (1.5H, s), 2.45 (1.5H, s), 1.72 (3H, s), 1.67 (3H, s). MS calcd for 
C16H19FNO4S (M+H): 340.1; found: 340.3. 

20 

Compound 89-C : 2"(2.2-Dimethyl-'5-oxo-ri.21dioxolan-4-ylideneVN-f4- 
fluoro-2-methanesulfinyl-benzyl)"N-methoxy-acetamide 




5 
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To a stirred solution of 4-fluoro-2-methykulfanylbenzaldehyde (9.7 g, 
57 mmol) in CH2CI2 (300 mL) was added in small portions m- 
chloroperbenzoic add (60%, 20.71 g, 120 mmol) over 20 minutes. After 24 h, 
5 mL of dimethylsulfoxide followed by saturated NaHCOs (100 mL) was 

5 added and stirred for additional 2 h. The organic layer separated and 

washed with saturated NaHCOa (2 X 100 mL). The combined aqueous layers 
were saturated with NaCl and extracted with CH2CI2 (2 X 100 mL). The 
combined organic phases were dried over anhydrous Na2S04, filtered and 
concentrated to give a viscous yellow oil. This residue was purified by flash 

10 chromatography on a silica gel coltmm using hexanes/ether/ethyl acetate 
(gradient elution). The fractions containing the desired product are 
combined and concentrated to give 4-fluoro-2-methylsulfonylbenzaldehyde 
(3.85 g, 33%) and 4-fluoro-2-methylsuljenyIbenzaldehyde (5.61 g, 53% yield) 
as a white solid. 4-£luoro-2-methylsulfonyIbenzaldehyde: ^HNMR(500 

15 MHz, CDCI3) 5: 10.41 (IH, s), 8.08-8.06 (IH, M), 7.85-7.71 (2H, m), 3.09 (3H, 
s). HRMS calcd for CsHsFOsS (M-H): 201.0022; found: 201.0025. 4-fluoro-2- 
methylsulfinyl-benzaldehyde: ^HNMR (500 MHz, CDCb) 5: 9.97 (lH,s), 
8.07-8,05 (IH, M), 7.99-7.94 (IH, m), 7.36-7.33 (IH, m), 2.80 (3H, s). MS calcd 
for CsHsFOaS (M+H): 187.02; found: 187.02. 

20 

To a stirred solution of 4-fluoro-2-methylsulEinyIbenzaldehyde (2.234 
g, 12 mmol) in 2M methylamine in methanol (24 mL, 48 mmol) was added a 
solution of ZnCh (0.818 g, 6 mmol) and NaCNBHs (0.754 g, 12 mmol) in 
methanol (30 mL). After stirring for 16 h an additional methyl amine (1 
25 equiv) and NaCNBHs (1 equiv) every 24 h for 5 days. After seven days, the 
reaction mixture was concentrated and the resulting residue was taken up 
into aqueous NaOH (1 M, 100 mL), extracted with CH2C12 (5 X 50 mL). The 
combined organic layers were concentrated to give a yellow oil which was a 
mixture of aldehyde and the desired (4-Fluoro-2-methanesulfinyl-benzyl)- 
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methyl-amine. This material was used in the next step without further 
purification. 

To a stirred solution of above amine and diisopropylethylamine (1.75 
5 mL, 10 mmol) in CH2CI2 (30 mL) was added (2,2-dimethyl'5-oxo- 

[l^]dioxolan-4-ylidene)-acetyl chloride (0.95 g, 5 mmol). After 1 h, the 
reaction mixture was concentrated and the resulting residue was taken up 
into ether (150 mL), washed with IN HCl (10 mL), water (20 mL) and brine 
(20 mL). The organic layer was dried over anhydrous Na2S04 , filtered and 
10 concentrated to give a yeUow residue which was purified by flash column 
chromatography on silica gel coltunn using 1:1 v/v hexanes/ethyl acetate, 
ethyl acetate and 2-5% mefhanol/ethyl acetate. The fractions containing the 
compoimd were combined and concentrated to give the product (1.65 g, 93% 
yield based on acid chloride used). ^HNMR (500 MHz, CDC13) 5: 7.76-7.72 
15 (IH, m), 7.28 (lH,dd, J = 8.3, 5.0 Hz),7.13 (IH, td, J = 8.2, 2.7 Hz), 6.14 (IH, s), 
4.88 (IH, d, J = 15.3 Hz), 4.46 (IH, d, J = 15.3 Hz), 3.03 (3H, s), 2.71 (3H, s), 1.72 
(6H, s). LRMS calcd for C16H19FNO5S (M+H): 356.1; found: 356.3. 

Compound 89-D: 2-(2.2-Dimethyl-5-oxo-ri31dioxolan-4-vlideneVN-(4- 
20 fluoro-2-methanesulfonyl-benzyl)-N-methyl-acetaimde 




To a solution of 2-(2,2-Dimethyl-5-oxo-[l,3]dioxolan-4-ylidene)-N-(4- 
25 fluoro-2-methylsulfanyl-benzyl)-N-methyl-acetamide (0.5 g, 1.475 mmol) in 
CH2CI2 (10 mL) was added 50% m<hloroperbenzoic add (1.035 g, 3 mmol) 
and the resulting mixture stirred at room temperature for 4 h, then, taken up 
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into EtOAc, washed successively with saturated NaHSOi, saturated NaHCOa 
and brine. The organic layer was dried over anhydrous NaaSO^, filtered, 
concentrated and the residue piuified on a silica gel column using 
hexanes/EtOAc (0-75%) to ajBford the desired product as a mixture of E/Z 
5 isomers (0.4977 g, 91%). iRNMR (300 MHz, CDCI3) 5: 7.76 (IH, dd, J = 8.2, 
2.7 Hz), 7.38-7.27 (2H, m), 6.21 (0.8H, s), 5.93 (0.2H, s), 5.05 (1.6H, s), 5.01 
(0.4H, s), 3.19 (2.4H, s), 3.16 (2.4H, s), 3.11 (0.6H, s), 3.03 (0.6H, s), 1.72 (4.8H, 
s),1.69(1.2H,s). LRMScalcdforCi6Hi9FN06S (M + H): 372; found: 372. 

10 Compound 783: 4-f4-rr4-Fluoro-2-methvlsulfanvl-benzvD-methvl- 
carbamovll-3-hv droxv-2-oxo-2^-dihvdro-pvrrol-l-vl>-butvricacid 




15 2-(2,2-I>imethyl-5-oxo-[l,3]dioxolan-4-yIidene)-N-(4-fluoro-2- 
methylsuIfanyl-benzyl)-N-methyl-acetamide was reacted with 
paraformaldehyde and 4-amino-butyric add as described in Method 44B to 
give the title compotmd as a white solid (0.05 g, 49% yield). iRNMR (300 
MHz, CDCI3) 6: 7.11 (IH, dd, J = 8.42, 5.85 Hz), 6.91 (IH, dd, J = 9.52, 2.57 

20 Hz), 6.82 (IH, td, J = 8.41, 2.56 Hz), 4.64 (2H, s), 4.15 (2H, s), 3.55 (2H, t, J = 
6.96 Hz), 2.98 (3H, s), 2.47 (3H, s), 2.38 (2H, t, J = 6.95 Hz), 1.96-1.88 (2H, m). 
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Compound 784: 4-l4-r(4-nuoro-2-methanesiilfinyl"benzyl)-me^^ 
carbamoyl1-3-hydroxy-2K)xo-2^-dihydro-pyrrol-l"yl}-b add 




2-(2,2-Dimetiiyl-5-oxo-[l^]dioxolan-4-ylidene)-N-(4-fluoro-2- 
metihanesulfinyl-bemyl)-N-methyl^^^ was reacted wititi 

paraformaldehyde and 4-amino-butyric add as described in Method 44B to 
give tiie title compound as. a colorless oil (0.015 g, 18% yield). iHNMR (300 
10 MHz, CDCI3) 5: 7.76 (IH, dd, J = 8.05, 2.20 Hz), 7.34 (IH, dd, J = 8.41, 5.12 

Hz), 7.19 (IH, td, J = 8.05, 2.56 Hz), 4.85 (2H, d, J = 15.01 Hz), 4.18 (2H, s), 3.58 
(2H, t, J = 5.86), 3.01 (3H, s), 2.76 (3H, s), 2.39 (2H, t, J = 5.86 Hz), 1.95 (2H, t, J 
= 6.22 Hz). 

15 Compoimd 785: 4-{4-[(4-Fluoro-2-methanesiJfonyl-benzyl)-methyl- 
carbamoyl1-3-hydroxy-2H3xo-23-dihydro-pyrroM-yll-butyricad^ 
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2-(2>Dime1hyl-5K)xo-[l^]dioxolan-4-ylidene)-N-(4-fluoro-2- 
methaiwsiilfonyl45en2yl)-N-methyl-acetainide was reacted with 
paraformaldehyde and 4-aiiuno-butyric add as described in Method 44B to 
give the title compoimd as a colorless oil (0.01 g, 9% yield). iRNMR (300 
5 MHz, CDCI3) 5: 7.78 (IH, dd, J = 8.06, 2.57 Hz), 7.43 (IH, dd, J = 8.60, 4.94 
Hz), 7.36-7.30 (IH, m), 5.08 (2H, s), 4.20 (2H, s), 3.58 (2H, t, J = 5.85 Hz), 3.16 
(6H, s), 2.42 (2H, t, J = 6.22 Hz), 1.95 (2H, t, J = 6.59). 

Compovind 786: 4-Hvdroxv-l-(2-morpholin-4-vl-ethyn-5-oxo-25-dihydro- 
10 lH-pvrrole-3-carboxvlic add ^4-fluoro-2-methvlsulfanvl-benzvlVinethvl- 
amide 




15 2-(2,2-Dimethyl-5-oxo-[l,3]dioxolan-4-yUdene)-N-(4-fluoro-2- 
methylsulfanyl-benzyl)-N-metiiyl-acetamide was reacted with 
paraformaldehyde and 2-morpholin-4-yl-ethylamine as described in Method 
44B to give the title compoimd as a white solid (0.032 g, 76% yield). ^HNMR 
(300 MHz, CDCI3) 5: 7.07 (IH, dd, J = 9.52, 6.23 Hz), 6.92 (IH, dd, J = 9.52, 

20 2.56 Hz), 6.82 (IH, td, J = 8.06, 2.57 Hz), 4.61 (2H, s), 4.27 (2H, s), 3.95-3.90 
(8H, m), 3.76-3.72 (2H, m), 3.39 (2H, t, J = 5.85 Hz), Z97 (3H, s), 2.47 (3H, s). 
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Compoimd 787: 4rHydroxy"l-(2-hydroxy--e1hyl)-5-oxo-2^dihv^^ 
pyrrole-3-carboxylic acid (4-fluoro-2-methylsulfanyl"beii2yl)-methyl-aimde 



2-(2,2-Dimethyl-5-oxo-[l,3]dioxolan-4-yMene)-N^^ 
methylsiilfanyl-berizyl)-N-methyl-acetarnide was reacted with 
paraformaldehyde and amino-ethanol as described in Method 44 B to give 
the title compoiind as a white solid (0.28 g, 79% yield). iRNMR (300 MHz, 
10 MeOD) 5: 7.21 (IH, dd, J = 8.42, 5.86 Hz), 7.06 (IH, dd, J = 9.88, 2.57 Hz), 6.88 
(IH, td, J = 8.41, 2.56 Hz), 4.69 (2H, s), 4.23 (2H, s), 3.72 (2H, t, J = 10.24, 5.12 
H), 3.61-3.57 (2H, m), 3.02 (3H, s), 2.50 (3H, s). 

Compoimd 788: 4-Hydroxy'l-(2-morpholin-4-yl-ethyl)-5-oxo-23-dihydrcH 
15 lH-pyrrole-3-<:arboxylic acid (4-fluorcK2-methanesiilfmyl'-'benzyl)-methyl- 




5 



amide 




20 2-(2,2-Dimethyl-5-oxo-[l,3]dioxolan-4-ylidene)-N-(4-fluoro-2- 
methanesid£iriyl-benzyl)-N-methyl-acetainide was reacted with 
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parafonnaldehyde and 2-morpholm-4-yl-ethylanvine as described in Method 
44 B to give the title compound as a yellow solid (0.04 g, 88% yield). iHNMR 
(300 MHz, MeOD) 6: 7.72 (IH, dd, J = 8.42, 2.56 Hz), 7.49 (IH, dd, J = 8.79, 
5.13 Hz), 7.32-726 (IH, m), 4.19 (2H, s), 4.09-3.46 (lOH, m), 3.30-3.21 (2H, m), 
5 3.12 (3H,s), 2.81 (3H,s). 



Compound 789; 4-Hvdroxv-l-(2-hvdroxv-ethvlV5-oxo-2>5-dihvdro-lH- 
PVirole-3-carboxylic add (4-fluoro-2-methylsulfinyl-benzyD-methyl-ainide 




2-(2,2-Dimetihyl-5-oxo-[l,3]dioxolan-4-ylidene)-N-(4-fIuon>-2- 
methanesulfinyl-benzyl)-N-metiiyl-acetaimde was reacted witii 
paraformaldehyde and amino-ethanol as described in Method 44B to give the 
15 title compound as a colorless oil (0.015 g, 40% yield). ^HNMR (300 MHz, 

MeOD) 5: 7.71 (IH dd, J = 8.42, 2.56 Hz), 7.47 (IH, dd, J = 8.42, 5.12 Hz), 7.31 
(IH, td, J = 8.41, 2.56 Hz), 4.95 (2H, s), 4.23 (2H, s), 3.73 (2H, t, J = 5.12 Hz), 
3.59 (2H, t, J = 4.76 Hz), 3.11 (3H, s), 2.80 (3H, s). 



wo 2004/004657 



PCT/US2003/021371 



247 



Compound 790: 4"Hydroxy4-(2-morpholm-4-yl-ethyl)-5-oxo-23-d^ 
lH-pyrrole-3-<:arboxylic add (4-fluoro-2-niethanesiilf onyl-benzylVmethyl- 
amide 



2-(2,2-Dimethyl-5-oxo-[l,3]dioxolan-4-yUdene)-N-(4-fluoro^^ 
methanesulfonyl-benzyl)-N-methyl-acetamide was reacted with 
paraformaldehyde and 2-morpholin-4-yl-ethylamme as described in Method 



10 44B to give the tide compound as a white solid (0.032 g, 69% yield). ^HNMR 
(300 MHz, DMSO) 5: 9.65 (IH, bs), 7.74 (IH, dd, J = 8.41, 2.56 Hz), 7.64-7.59 
(IH, m), 7.43-7.38 (IH, m), 4.99 (2H, s), 4.15 (2H, s), 4.00-3.53 (lOH, m), 3.43 
(2H, s), 3.38 (3H, s), 3.11 (3H, s). 

15 Compoxmd 791: 4-Hydroxv4-(2-hydroxy-ethvl)-5-oxo-25-dihydro-lH- 
pyrrole-3-carboxylic acid (4-fluoro-2-methylsulfonyl-benzylVmethyl-amide 



5 





20 



2-(2,2-Dimethyl-Soxo-[l,3]dioxoIan-4-yUdene)-N-(4-fluoro-2- 
methanesulf onyl-beiizyl)-N-methyl-acetaiiude was reacted with 
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paraformaldehyde and amino-ethanol as described in Method 44 B to give 
the title compound as a colorless oil (0.02 g, 41% yield). ^HNMR (300 MHz, 
MeOD) 5:7.77 (IH, dd, J = 8.42, 2.57 Hz), 7.56-7.45 (2H, m), 5.10 (2H, s), 4.26 
( 2H, s), 3.73 (2H, bs), 3.59 (2H, bs), 3.23 (6H, s). 

5 

EXAMPLE 90 
Method for the preparation of compounds 792-808 

Compoimd 90-A: N-(3>4~dicMoro-benzyl)<)-methyl-hydroxylarnine 

10 




To meflioxylamine hydrochloride (20 g, 0.24 mol) in water (200 mL) 
and THF (74 mL) was added sodiimi acetate (16.3 g, 0.2 mol) followed by 3,4- 

15 dichlorobenzaldehyde (25 g, 0.14 mol). The mixture was stirred at room 
temp for 6 h and diluted with diethyl ether. The aqueous phase was 
extracted with ethyl acetate, dried (sodium sulfate) and concentrated to give 
a colorless oil. The oil was dissolved in glacial acetic add (200 mL) and 
cooled to 0 °C. Sodium cyanoborohydride (18.8 g, 0.26 mol) was added over 

20 30 min. The mixture was stirred at room temp for 4 days, cooled to 0 ®C and 
made basic with 10 N NaOH. The mixture was extracted with EtOAc (3X's) 
and the combined organic extracts were washed with water and brine and 
concentrated to give an oil that solidifies upon standing. This residue was 
stirred in diethyl ether and the resulting title compound was filtered as a 

25 white soUd (9.61 g, 33% yield). iRNMR (300 MHz, DMSO) 5: 10.12 (IH, bs), 
7.74 (IH, s), 7.67 (IH, d, / = 8.42 Hz), 7.44 (IH, d, / = 8.05 Hz), 4.21 (2H, s), 3.59 
(3H,s). 
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Compound 90-B: N-(3.4'DicMorO'benzvlV2-^2,2- ^inifithYl^^ 
ri.3lcUoxolane-4-yHdene)-N-methoxy-acetainide 




5 

A suspension of (2,2-dimeihyl-5-oxo-[i;3]dioxolan-4-ylidene)-acetic 
acid (4.37 g, 25.4 mmol) in benzene (30 mL) was refluxed for 1 h with oxalyl 
chloride (15 mL). The resulting solution was cooled and concentrated. The 
residue was dissolved in dichloromethane (30 mL) and cooled to 0*" C and N- 

10 (3,4-dichIoro-ben2yl)-0-methyl-hydroxylamine (5.3 g, 22 mmol) in 

dichloromethane (30 mL) and pyridine (18 mL) was added dropwise. The 
resulting mixture was stirred at room temp for 18 h. The mixture was diluted 
with IN HCl and extracted with EtOAc The organic phase was washed with 
IN HCl, dried (sodium sulfate) and concentrated to give ttie title compound 

15 as a yellow soUd (7.59 g, 83% yield). ^HNMR (300 MHz, CDCI3) 5: 7.44 (IH, 
s), 7.39 (2H, d, 7 = 8.05 Hz), 7.19 (2H, d, / = 8.05 Hz), 6.37 (IH, s), 4.75 (2H, s), 
3.70 (3H,s), 1.74 (6H,s). 

Compound 90-C: 3-rf3>4-Dichloro-benzylVmethoxv-carbamov l1-2-hvdroxv- 
20 acrylic acid methyl ester 




25 



A mixture of N-(3,4-didiloro-benzyl)-2-(2,2-dimeihyl-5-oxo- 
[l,3]dioxolane^ylidene)-N-methoxy-acetamide (1.0 g, 2.8 mmol) and 
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potassium carbonate (0.39 g, 2.8 mmol) in MeOH (20 mL) was stirred at room 
temp for 1 h. The sxispension was diluted witii EtOAc and washed with IN 
HCl followed by brine. The organic phase was dried (sodium sulfate) and 
concentrated. The title compound was purified by flash chromatography 
5 eluting with 100% hexane followed by 25% EtOAc/hexane to give a white 
soM (0.3107 g, 33% yield). iRNMR (300 MHz, CDCb) 5: 13.28 (IH, s), 7.41 
(2H, m), 7.15 (IH, dd, / = 9.52, 1.47 Hz), 6.45 (IH, s), 4.77 (2H, s), 3.89 (3H, s), 
3.72 (3H,8). 



10 Compounds 792-808: 

Amine (0.1 mmol) was reacted with paraformaldehyde according to 
die method described for tiie preparation of compoimd 86-A, This was 
combined with 3-[(3,4-dichloro-benzyl)-methoxy-carbamoyl]-2-hydroxy- 
acrylic add methyl ester (0.036 g, 0.1 mmol), in MeOH (1.0 mL) and the 

15 resulting mbcture stirred at 55° C for 1 h. The resulting solution was cooled 
and purified by preparative HPLC (YMC Combiprep ODS-A, 30mm x 50mm, 
MeOH/H2O/0.1% TFA) to give the title compotinds. Compounds were 
evaluated by LC/MS (Waters XTERRA, 4.6mm x 30mm, MeOH/H2O/0.1% 
TFA, 10%-90% MeOH, 2 min gradient, 5 mL/min flow rate; ESI+). 

20 




\ 



Compound 


XI 


LC/MS 
retention 
time (min) 


MS 
calcd 
(M + H) 


MS found 


792 


o 


1.6 


514.1 


5142 


793 




1.50 


375.2 


375.2 


794 


Xi- — ^N*^ 


1.3 


443.3 


443.3 
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795 




1.3 


471.4 


471.3 


796 




13 


458.3 


458.3 


797 


o 


1.8 


486.4 


486.3 


798 




1.7 


443.3 


443.3 


799 




1.3 


460.4 


460.3 


800 


H 


1 a 


000.6 


OOO.Z 


oux 




1.7 


359.2 


359.3 




OH OH 


1.4 


495.3 


495.3 


803 




1.5 


389.2 


389.3 


804 


1 


1.7 


417.3 


417.3 


805 




1.4 


405.2 


405.3 


806 




1.5 


433.2 


433.3 


807 




1.5 


389.2 


389.3 


808 


HO^ 


1.4 


405.2 


405.3 
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EXAMPLE 91 

Compound 809 : 4-Hvdroxv-l-(4-hvdroxv-butvl)-5-oxo-2^>dihvdro--ltf- 
pvrrole-3-carboxylic acid f3,4Kiidhloro-benzvlVmethoxv-aimde 




3-[(3,4rI)icWoro-benzyl)-methoxy<arbamoyl]-2-hydrox^^ acid 
methyl ester, paraformaldehyde and 4-amino-butanol were reacted according 
to the method described for compoimds 792-808 to give the tile compoimd as 
10 a yeUow oil (0.015 g, 36% yield). iRNMR (300 MHz, CDCI3) 5: 7.43-7.40 (2H, 
m), 7.18 (IH, dd, J = 8.42,1.83 Hz), 4.81 (2H, s), 4.14 (2H, s), 3.74 (3H, s), 3.63 
(2H, t, J = 6.40 Hz), 3.51 (2H, t, J = 4.01 Hz), 1.68-1.53 (4H, M), 1.43-1.33 (2H, 
m). 

15 EXAMPLE 92 

Compound 810: 4 -{4-r(3.4-Dichloro-benzvl)-methoxy-carbamovl1-3-hvdroxy- 
2oxo-25-dihydro-pyrrol-l-vl}-butyric acid 




To a solution of 4-amino butyric acid (0.093 g, 0.90 nunol) in acetic add 
(0.5 mL) at 55° C was added paraformaldehyde (0.027 g, 0.90 mmol). After 
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stirring for 10 miiv 3-[(3,4-<Uchloro4?enzyl)-methoxy<arbamoyl]-2-hyd^ 
acrylic add methyl ester (0.2978 g, 0.89 mmol) was added and the mixture 
was stirred at 55° C for 1 h. The clear yellow solution was cooled, 
concentrated and purified by preparative HPLC (CIS, ODS-A, S-ZSjim, 10%- 
5 40% acetonitrile/water/0.5%HCl) to give the title compoxmd as a yellow 
foam (0129 g, 34% yield). HEMS (M+H) calcd for C17H19N2CI2O6: 417.06203; 
foimd: 417.0607. 

EXAMPLE 93 

10 Metixod for the preparation of compoimds 811-814 

The general method for the synthesis of compounds 811-814 is 
illustrated in Scheme XIV. 

15 Compound 93-A: 2-f2,2-Dimethvl-5-oxo-ri31dioxolane-4-vHdeneVN- 

methoxy -N-naphthalen-l-ylmethyl-acetamide 

20 O-Methyl-N-naphthalen-l-ylmethyl-hydroxylamine was reacted with 

(2,2-dimethyl-5-oxo-[i;3]dioxolan-4-ylidene)-acetic add according to the 
method described for the preparation of compound 90-B to give the titie 
compound as a pale yellow solid (0.826 g, 56% yield). ^HNMR (300 MHz, 
CDCb) 5: 8.18 (IH, d, J = 8.05 Hz), 7.85 (2H, t, J = 9.15 Hz), 7.56-7.41 (4H, m), 

25 6.40 (IH, s), 5.30 (2H, s), 3.43 (3H, s), 1.77 (6H, s). 
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Compound 93-B: 2-HvdToxv-3-(methoxv-naphthalen-l-vlmeth 
carbamoyD-acrylic add methyl ester 




Compoimd 93-B was prepared using the same procedure described for 
the preparation of compound 90-C and isolated as an orange powder (0.022 
g, 45% yield). iRNMR (300 MHz, CDCI3) 6: 8.09 (IH, d, J = 8.05 Hz), 7.87 
(2H, t, J = 7.68 Hz), 7.57-7.41 (4H, m), 5.35 (2H, s), 4.16 (2H, s), 3.56 (3H, s), 
10 3.54 (2H, t, J = 633 Hz), 2.38 (2H, t, J = 6-58 Hz), 1.91 (2H, t, J = 6.22 Hz). 



Compounds 811-814 

As illustrated in Scheme XIV, compounds 811-814 were prepared from 
2-hydroxy-3~(methoxy-naphthden-l-ylmethyl<arbamoyl)-acrylicacid 
15 methyl ester, paraformaldehyde and an amine, 1-7 using the same method 
described for the preparation of compounds 792-808. 




OH 



Compound 
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LC/MS 
retention 
tune(iiun) 


MScalcd 
(M + H) 


MS 
found 


811 




1.5 


341.4 


341.4 


812 




1.2 


426.5 


426.4 


813 




1.4 


357.4 


357.3 


814 




1.3 


387.4 


387.3 
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EXAMPLE 94 

Compoimd 815: 4-r3- Hvdroxv-4(methoxv-naphthalen-l-vlmethvl- 
carbamovD- 2-oxo-25-dihvdro-pvrrol-l-vn-butvricadd 




2-Hydroxy-3-(meflioxy-mphihalen-l-ylmeihyl<arbamoyl)-aciyIic 
add meihyl ester, paraformaldehyde and 4-ammo-butyric add were reacted 
using the method described for tihe synthesis of Compound 810 to give the 
10 title compotmd as an orange powder (0.0217 g, 45% yield). iRNMR (300 
MHz, CDCb) 6: 8.09 (IH, d, J = 8.05 Hz), 7.87 (2H, t, J = 7 68 Hz), 7.57-7.41 
(4H, m), 5.35 (2H, s), 4.16 (2H, s), 3.56 (3H, s), 3.54 (2H, t, J = 6.33 Hz), 2.38 
(2H, t, J = 6.58 Hz) 1.91 (2H, t, J = 6.22 Hz). 

15 EXAMPLE 95 

Compound 95-A: N-(4-fluoro-2-methvlsu]fanvl-benzylVO-methvl- 
hydroxvlamine hydrochloride 




\ 



20 

A 250 mL round bottom flask was charged with 4-fluoro-2- 
methylsulfanylbenzaldehyde (5.106 g, 30 mmol), O-methylhydroxylamine 
hydrochloride (3.758 g, 45 mmol), sodium acetate (6.124 g, 45 mmol), water 
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(50 mL) and THF (75 mL). The reaction mixture was stirred at room 
temperature for 4 h and taken up into ether (300 mL), washed with water (2 X 
50 mL) and brine (50 mL). The organic phase was dried over anhydrous 
Na2S04, filtered and concentrated to give 4-fluoro-2-methylsulfanyl- 

5 benzaldehyde-O-methyl-oxime (5.892 g, 99%) as a white solid. 

To a stirred solution of 4-fluoro-2-methylsulfanyl-benzaldehyde-0- 
methyl-oxime (5.982 g, 29.58 mmol) in CthOi (30 mL) was added 
trifluoroacetic add (30 mL) followed by trietihylsilane (14 mL, 90 mmol). 
After stirring for 6 h, the reaction mixture was concentrated and the resulting 

10 residue was taken up in saturated aqueous NaHCOa (100 mL) and extracted 
witii ethyl acetate (3 X 75 mL). The combined organic extracts were dried 
over anhydrous Na2S04, filtered, and concentrated to give a viscovis oil. The 
crude product was re-dissolved in anhydrous ether and 2M HCl/ether w (18 
mL) was added. The resulting white solid was filtered and dried to peld the 

15 desired product as the HCl salt (6.666 g, 93% yield). ^HNMR (500 MHz, 

DMSO-d6) 5: 11.44 (IH, br s), 7.66-7.59 (IH, m), 7.24 (IH, dd, J = 10.1, 2.1 Hz), 
7.08 (IH, td, J = 8.6, 2.4 Hz), 4.85 (2H, s), 3.82 (3H, s), 2.53 (3H, s). MS calcd 
for C9H13FNOS (M+H): 202.07; found: 202.07. 

20 Compoimd 95-B: 2-(2.2-Dimeflivl-5-oxo-ri31dioxolan-4-vlideneVN-(4-fIuoro- 
2-methylsulfanyl'-benzylVN-methoxy-acetamide 




25 To a stirred solution of N'-(4-fluoro-2-metiiylsulfanyl-benzyl)-0- 

mefhyl-hydroxylamine hydrochloride (1.19 g, 5 rmnol) and (2,2-Dimethyl-5- 
oxo-[l,3]dioxolan-4-ylidene)-acetyl chloride (0.953 g, 5 rmnol) in CH2CI2 (20 
mL) was added diisopropyethylamine (1.9 mL, 11 mmol) at room 
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temperature. After 1 h, iiie reaction mixtiire was concentrated and the 
restilting residue was taken up into ether (150 mL), washed with IN HQ (10 
mL), water (20 mL) and brine (20 mL). The organic layer was dried over 
anhydjous Na2S04 , filtered and concentrated to give product as a white solid 
5 (1.77 g, 99%). iHNMR (300 MHz, CDC13) 5: 7.28-7.23 (IH, m), 6.90 (IH, dd, J 
= 9.5, 2.6 Hz), 6.78 (IH, td, J = 8.4, 2.6 Hz), 6.37 (IH, s), 4.88 (2H, s), 3.62 (3H, 
s), 2.44 (3H, s), 1.71 (6H, s). MS calcd for CieHisFNOsS Na (M+Na): 378.078; 
found: 378.18. 

10 Compound 816: 4"f4'f(4-Fluoro-2-methylsulfanyl-benzylVmethoxV" 
carbainoyll-3-hydroxy'2-oxo-'23-dihydro-pyrrol-l-yl]"butyric acid 



mefhylsulfanyl-benzyl)-N-methoxy-acetamide was reacted with methanol to 
give3-[(4-fluoro-2-mefhylsulfanyl-benzyl)-methoxyK:arbamoyl]-2-^^ 
acrylic add methyl ester as a white sticky solid (0.0807 g, 88% yield). This 
was then reacted with paraformaldehyde and 4-amino butyric add following 



20 the procedure described for Compound 810 to give the title compoimd as an 
orange soUd (0.0360 g, 64% yield). iHNMR (300 MHz, DMSO) 5: 12.10 (IH, 
bs), 11.35 (IH, bs), 7.30 (IH, m), 7.14 (IH, dd, J = 12.44, 2.20 Hz), 6.97 (IH, td, J 
= 8.41, 2.65 Hz), 4.86 (2H, s), 4.18 (2H, s), 3.69 (3H, s), 3.42 (2H, t, J = 6,73 Hz), 
2.50 (3H, t, J = 1.83 Hz), 2.22 (2H, t, J = 6.73 Hz), 1.78 (2H, m). 




15 



2(2,2-Dimethyl-5-oxo-[l,3]dioxolan-4-ylidene)-N--(4-fluoro-2- 



25 
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EXAMPLE 96 

Compound 96-A: 2-Q2-Diinethvl-5-oxo-ri.21dioxolan-4-ylideneVN-f4- 
fluoro-2-metiianesvilfinyl-benzyl)-N-methoxy-acetainide 




5 I 

MCPBA (0.49 g, 1.41 mmol) was added to a solution of 2-(2,2- 
dimethyl-5-oxo-[l^]dioxolan-4-yUdene)-N-(4-fluoro-2-methylsi^ 
benzyl)-N-niethoxy-acetanude (0.50 g, 1.41 mmol) in dichloromethane (10 

10 mL) and the mixture was stirred at room temp for 4 h. After diluting witti 
EtO Ac and washing with saturated NaHS04, NaHCOs and brine, the organic 
phase was dried (sodium sulfate) and concentrated. The title compoimd was 
purified by flash chromatography eluting with 100% hexane to 100% EtOAc 
to give a white foamy soUd (0.4789 g, 92% yield). ^HNMR (300 MHz, CDCI3) 

15 6: 7.75 (IH, dd, J = 8.42, 2.92 Hz), 7.49 (IH, dd, J = 8.42, 5.12 Hz), 7.15 (IH, td, 
J = 8.42, 2.93 Hz), 6.34 (IH, s), 4.88 (2H, d, J = 8.05 Hz), 3.70 (3H, s), 2.76 (3H, 
s), 1.74 (6H,s). 



Compoimd 817: 4-{4-r(4-Fluoro-2"methanesul£inyl-berizyl)-methoxy- 
20 carbamoyl1"3-hydroxy-2-oxo-2^"dihvdrO"Pvrrol"l-vl}-butvricacid 
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2-^2>Dimethyl-5-oxo-[l^]dioxolan-4-yUdene)-N-(4-fluoro-2- 
meilianestilfinyl-benzyl)-N-methoxy-a(»tamide was reacted with methanol 
using the procediire described for the synthesis of compovind 90-C to yield 3- 
[(4-fluorcH2-rnethanesiilfLnyl-ben2yl)-methoxy<arbamoyl]-2-hydroxy-acrylic 
5 add methyl ester as a white sticky solid (0.1020 g, 100% yield). This crude 
was reacted witih paraformaldehyde and 4-amino-butyric acid using tiie 
procedure described for Compound 810 to give the titie compound as an 
orange soUd (0.0360 g, 64% yield). iRNMR (300 MHz, CDCI3) 5: 7.75 (IH, 
dd, J = 8.05, 2.56 Hz), 7.48 ( IH, dd, J = 8.42, 4.76 Hz), 7.21 (IH, td, J = 8.05, 
10 2.56 Hz), 4.96 (2H, q), 4.19 (2H, s), 3.78 (3H, s), 3.58 (2H, td, J = 6.95, 1.83 Hz), 
2.82 (3H, s), 2.39 (2H, t, J = 6.95 Hz), 1.97-1.92 (2H, m). 



EXAMPLE 97 

Compound 97-A; 2-(22-Dimethvl-5-oxo-ri31dioxolan-4-vHdeneVN-(4- 
15 fluoro-2-methanesulfonvI-benzyl)-N-methoxy-acetamAde 




2-(2,2-Dimethyl-5^xo-[l,3]dioxolan-4-yUdene)-N-(4-fluoro-2- 
20 methylsulfanyl-benzyl)-N-methoxy-acetamide was reacted with 2 

equivalents of MCPBA using the method described for the synthesis of 
Compoimd 96-A to give the title compound as a white solid (0.263 g, 48% 
yield). iHNMR (300 MHz, CDCI3) 5: 7.74 (IH, dd, J = 8.06, 2.57 Hz), 7.60 (IH, 
dd, J = 8.78, 5.12 Hz), 7.27 (IH, td, 7.68, 2.56 Hz), 6.45 (IH, s), 5.26 (2H, s), 3.81 
25 (3H,s), 3.22 (3H,s), 1.74 (6H,s). 
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Compound 818: 4-f4-r(4-Fluoro-2-methanesulfonyl-benzvlVmethox^^ 
carbamoyl-3-hydroxy-2<>xo-23-dihydro-pyxTol-l-yl^ add 




2-(2,2-Dime%l-5-oxo-[l^]dioxolan-4-ylidene)-N-(4-fluoro-2- 
methanesulf onyl-beiizyl)-N-me1hoxy-acetainide was reacted with methanol 
using the procedure described for the synthesis of compoimd 90-C to yield 3- 
[(4-fluoro-bertzyl)-methoxy-<:arbamoyl]-2-hydroxy-ac^ acid metitiyl ester 

10 as 3. white sticky solid. (0.102 g, 100% yield). This was reacted with 

paraformaldehyde and 4-ainino-butyric add using the procedure described 
for Compound 810 to give the title compound as an orange solid (0.018 g, 
14% yield). iHNMR (300 MHz, CDCI3) 6: 7.78 (IH, dd, J = 8.05, 2.56 Hz), 
7.59-7.54 (IH, m), 7.36-7.29 (IH, m), 5.35 (2H, s), 4.25 (2H, s), 3.83 (3H, s), 3.60 

15 (2H, t, J = 6.95 Hz), 3.22 (3H, s), 2.43 (2H, t, J = 6.95 Hz), 2.00-1.96 (2H, m). • 
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EXAMPLE 98 

Compound 819: 4-Hvdroxv4-(2-morpholin-4-vl-^1hvl)-5K)xo-25-dihvdro- 
lH-pvrrol e-3-carboxylic add (4-£Iuoro-2-methylstilfanyl-benzyl)-methoxy- 
amide 




2-(2,2-Dimethyl-5-oxo-[13]dioxolan-4-ylidene)-N-(4-fluoro-2- 
metih^ylsiilfanyl-beii2yl)-N-methoxy-acetamide was reacted witii 

10 paraformaldehyde and 2-morpholin-4r-yl-ethylamme using the method 

described for the preparation of Compound 767 to give ttie title compound as 
a white soUd (0.012 g, 18% yield). ^HNMR (300 MHz, CDCI3) 8: 7.27-7.22 
(IH, m), 6.94 (IH, dd, J = 9.51, 2.56 Hz), 6.83 (IH, td, J = 8.42, 2.56 Hz), 4.95 
(2H, s), 4.28 (2H, s), 3.97-3.75 (8H, m), 3.68 (3H, s), 3.40 (2H, t, J = 5.85 Hz), 

15 2.95 (2H, bs), 2.49 (3H, s). 

EXAMPLE 99 

Compound 820: 4- Hvdroxv-l-(2-hvdroxv-ethvl)-5-oxo-2.5-dihvdro-lH- 
pvrrole-3-carboxylic add f4-fluoro-2-4?enzvl)-methoxy-amide 

20 
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2-(2>Dimethyl-5K)xo-[l^]dioxolan-4-yHdene)^^ 
meihylsiilfanyl-benzyl)-N-methoxy-acetaim was reacted with 
paraformaldehyde and amino-ethanol using the method described for the 
synthesis of Compound 767 to give the title compound as a yellow oil (0.021 
5 g, 56% yield). ^HNMR (300 MHz, MeOD) 5: 7.35-7.29 (IH, m), 7.08 (IH, d, J 
=: 8.05 Hz), 6.92-6.84 (IH, m), 4.99 (2H, s), 4.39 (2H, s), 3.76-3.70 (5H, m), 3.63- 
360 (2H,m), 2.51 (3H,s). 

EXAMPLE 100 

10 Compound 821: 4-Hydroxy-l-(2-morpholin-4-yl-ethyl)-5-oxo~2^-dihydr 
lH-pyrrole-3-carboxylic acid (4-fluoro-2-mefliianesiilfinyl-benzyl)-methoxy- 
amide 



2-(2,2-Dimethyl-5-oxo-[l,2]dioxolan-4-yUdene)-N-(4-fluoro-2- 
methanesuIfinyl-benzyl)-N-methoxy-acetamide was reacted with 
paraformaldehyde and 2-morpholin-4-yl-ethylamine using the method 
described for the preparation of Compound 767 to give the title compoimd as 



20 a yeUow soKd (0.045 g, 99% yield). ^HNMR (300 MHz, MeOD) 5: 7.27 (IH, 
dd, J = 8.42, 2.56 Hz), 7.62 (IH, dd, J = 8.79, 5.49 Hz), 7.32 (IH, td, J = 8.41, 2.93 
Hz), 5.06 (2H, s), 4.03-3.92 (4H, m), 3.83 (3H, s), 3.80-3.63 (4H, m), 3.51-3.46 
(2H, m), 3.19 (2H, bs), 2.84 (3H, s). 




15 
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EXAMPLE 101 



Compound 822: 4-Hydroxy-l-(2-hydroxy-ethyD-5<)xo-2^-dihydro-lH- 
pyTrole-3-carboxylic acid (4-fluoro-2-metiianesiil£inyl-benzyl)-inethoxy- 
amide 



2-(2,2-Dimetihyl-5-oxo-[l^]dioxolan-4-yIidene)-N-(4-fluoro-2- 
methanesialfonyl-benzyl)-N-methoxy-acetainide was reacted with 

10 paraformaldehyde and amino-ethanol using the method described for the 
preparation of compoimd 767 to give the title compound as a colorless oil 
(0.015 g, 40% yield). iRNMR (300 MHz, MeOD) 5: 7.71 (IH, dd, J = 8.78, 2.93 
Hz), 7.61 (IH, dd, J = 8.78, 5.12 Hz), 7.31 (IH, td, J = 8.42, 2.56 Hz), 5.05 (2H, 
d, J = 9.15 Hz), 4.38 (2H, s), 3.81 (3H, s), 3.74 (2H, t, J = 5.12 Hz), 3.60 (2H, t, J = 

15 5.49 Hz), 2.84 (3H,s). 



5 
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EXAMPLE 102 



Compoimd 823: 4-Hydroxy-l-(2-morpholin-4-yI-ethyl)^^ 
lH-pyrrole-3-carboxylic acid (4-fluoro-2-methanesiilfonyl-benzyl)-methoxy- 
amide 



2-(2,2-Dimethyl-5K)xo-[l^]dioxolan-4'yUdene)-N--(4-fluoro-2- 
methanesuHonyl-benzyl)-N-metiioxy-acetarnide was reacted with 

10 paraformaldehyde and 2-DiorphoIin.-4-yl-ethylaiitiiie using the method 

described for the preparation of compound 767 to give the title compoxmd as 
a white soUd (0.021 g, 45% yield). ^HNMR (300 MHz, MeOD) 5: 7.75 (IH, 
dd, J = 8.78, 2.93 Hz), 7.63-7.54 ( 2H, m), 5.34 (2H, s), 4.29 (2H, s), 4.01-3.99 
(2H, m), 3.84-3.81 (2H, m), 3.77 (3H, s), 3.63-3.45 (6H, m), 3.39 (3H, s), 3.16- 

15 3.08 (2H,m). 



5 
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EXAMPLE 103 



CompoTind 824: 4-Hydroxy-l-f2-hydroxy-^thyl)-5<>xcH23-<iihydro-lH- 
pyrrole-3-carboxylic add (4-fluoro-2-methanesulfonyl-benzyl)-methoxy- 
amide 



2-(2;Z-Diinethyl-5-oxo-[l,3]dioxolan-4-ylidene)-N-(4-fluoro-2- 
methanesulfonyl-benzyl)-N-methoxy-acetarnide was reacted with 

10 paraformaldehyde and amino-ethanol using the method described for the 
preparation of compound 767 to give the title compotmd as a colorless oil 
(0.100 g, 25% yield). iHNMR (300 MHz, MeOD) 6: 7.77 (IH, dd, J = 8.42, 2.56 
Hz), 7.66 (IH, dd, J = 8.79, 5.13 Hz), 7.45 (IH td, J = 8.42, 2.93 Hz), 5.41 (2H, s), 
4.46 (2H, s), 3.84 (3H, s), 3.76 (2H, t, J = 5.12 Hz), 3.63 (2H, t, J = 5.13 Hz), 3.28 

15 (3H,s). 

EXAMPLE 104 

Compound 104-A: N-(3,4-Dichloro-benzyl)-2-(22-dimethyl-5-oxo- 
[131dioxolan-4-ylidene)-acetamide 



5 




20 




To a stirred suspension of 3,4-dichlorobenzyIamine (17.6 mg, 0.1 
mmol) and resin bound morpholine (100 mg, 2.5-4.0 mmol/l g) in OhCh (2 
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mL) was added (2,2-dimethyl-5H3xo-[l,3]dioxolan-4-yUdene)-acetyl chloride 
(20 mg, 0.11 mmol) and the mixture stirred for 1 h. The mixture filtered and 
the filtrate concentrated to give the product as a white soUd (33 mg, 100% 
yield), m NMR (500 MHz, CDCI3) 5: 7.39 (2H, m), 7.15 (IH, m), 6.60 (IH, s), 
5 5.89 (IH, s), 4.50 (2H, d, J = 6.0 Hz), 1.74 (6H, s). MS calcd for C14HUCI2NO4 
[M+H]+: 330.03; found: 330.1 

Compoimd 104-B: Methylene-(2-morpholiri-4-yl"ethyl)"amine 



2-Arainoethanol (0.8712 g, 10.0 mmol) and paraformaldehyde (0.3 g, 
10.0 mmol) were stirred in methanol (50 mL) at 55° C vintil the solids 
dissolved (approximately 20 min). The solution was cooled and used 
15 without furttier purification 

Compoimd 825: 4-Hydrx>xy-l-f2-morpholin-4-yl'ethylV5<>xo-2,5-<ii^ 

lH-pyrrole-3-<:arboxyKc acid 3,4-dichlQro-benzyIamide 




20 




A mixture of N-(3,4-dichloro-benzyl)-2-(2,2-dimethyl-5-oxo- 
[l,31dioxolan-4-yKdene)-acetamide (66 mg, 0.2 mmol) and a 0.2 mmol 
solution of methylene-(2-morpholin-4-yl-ethyl)-araine in methanol (1.5 mL, 
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0.3 ininol) was heated at 70 °C for 1.5 h. The reaction mixture was then 
cooled to room temperature and puriJ&ed by preparative HPLC using 
methanol/ water (0.1% TFA) as eluent. The fractions containing the product 
were combined and concentrated to give a white powder (23.3 mg, 22% 
5 yield). iH NMR (500 MHz, DMSO) 5: 9.50 (IH, br s), 8.08 (IH, t, J = 6.2 Hz), 
759 (IH, d, J = 8.2 Hz), 7.53 (IH, d, J = 1.8 Hz), 7.28 (IH, dd, J = 8.2, 1.8 Hz), 
4.42 (2H, d, J = 6.1 Hz), 4.04 (2H, s), 4.02-3.95 (2H, m), 3.81-3.77 (2H, m), 3.73- 
3.37 (6H, m), 3.15-3.06 (2H, m). HRMS calcd for C18H22CI2N3O4 (M+H): 
414.09875; found: 414.0987. 

10 

EXAMPLE 105 

Compound 105-A: N-(3.5-Difluoro-benzvl)-2-(2,2-dimethyl-5-oxo- 
fl3ldioxolan-4-ylidene)-acetainide 




15 F 

To a stirred suspension of 3,4-di£luorobenzylaiiune (0.43 mg, 0.3 
mmol) and resin bound morphoUne (200 mg, 2.5-4.0 mmol/1 g) was added a 
solution of (2,2-dimethyl-5-oxo-[13]dioxolan-4-ylidene)-acetyl chloride (60 
20 mg, 0.31 mmol) in CHzCh (3 mL) and tiie mixture stirred for 1 h. The 
mixture was filtered and the filtrate concentrated to give the product as a 
white soUd (85 mg, 95% yield). MS calcd for Ci4Hi3F2N04Na (M+Na): 320.29; 
found: 320.27. 
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Compound 826: 4rHydroxy4-(2-morpholin-4-yl-^thylV5<>xo-23^^ 
lH'pyTrole-3-carboxylic add 3.5-difluoro-ben2ylaimde 




5 

A mixture of N-(3,5-difluoro-benzyl)-2-(2,2-dimethyl-5K)xc^ 
[l^]dioxolan-4-ylidene)-acetamide (60 mg, 0.2 mmol) and a 0.2 mmol 
solution of methylene-(2-morpholin-4-yl-e&yl)-ainine in methanol (1.25 mL, 
0.25 mmol) was heated at 70 °C for 1 h. The reaction mixture was cooled to 

10 room temperature and purified by preparative UPLC using methanol/ water 
(0.1% TFA) as the elumt. The fractions containing the product were 
combined and concentrated to give tiie title compoimd as a white powder (22 
mg, 22% yield). NMR (500 MHz, DMSO) 5: 11.95 (IH, br s), 9.54 (IH, br s), 
8.08 (IH, t, J = 6.1 Hz), 7.12-7.08 (IH, m), 7.00-6.94 (2H, m), 4.45 (2H, d, J = 6.1 

15 Hz), 4.05 (2H, s), 4.02-3.94 (2H, m), 3.83-3.77 (2H, m), 3.69-3.38 (6H, m), 3.16- 
3.05 (2H, m). HRMS calcd for C18H20F2N3O4 (M-H): 380.1422; found: 380.1422. 

EXAMPLE 106 

Compound 106-A: 2-f2^-Dimethyl-5-oxo-fi;31dioxolan-4-ylidene)-N-(4- 
20 fluoro-benzyP-acetamide 
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To a stirred siispension of 4-£luorobenzylainine (375 mg, 0.3 mmol) 
and resin bound morpholine (200 mg, 2.5-4.0 mmol/1 g) was added a 
solution of (2,2-dimethyl-5'OXO-[l,3]dioxolan-4-ylidene)-acetyl chloride (60 
mg, 0.31 mmol) in CH2CI2 (3 mL) and the mixture shaken for 1 h. The 
5 mixture was filtered and the filtrate concentrated to give the title product as a 
white solid (84.4 mg, 100% yield). MS calc for C14H14FNO4 (M+Na): 30229; 
found: 302.29. 

Compoimd 827: 4-Hydroxy-l-(2-morpholin4"yl"ethyl)-5-oxo-2,5-dihydro- 
10 lH'pyrrole-3-carboxylic add 4rfluoro-benzylainide 




A mixture of 2-(2,2-dimethyl-5-oxo-[l,31dioxolan-4-ylidene)-N-(4- 
15 fluoro-ben2yl)-acetamide (77 mg, 0.275 mmol) and a 0.2 mmol solution of 

methylene-(2-morpholin-4-yl-ethyl)-amine in methanol (1.5 mL, 0. mmol) was 
heated at 70 °C for 1 h. The reaction mixture was cooled to room 
temperature and piorified by preparative HPLC using methanol/ water (0.1% 
TFA) as the eluent. The fractions containing the product were combined and 
20 concentrated to give the title compoimd as a pale yellow powder (42 mg, 32% 
yield).iH NMR (500 MHz, DMSO) 5: 11.92 (IH, br s), 9.48 (IH, br s), 7.95 (IH, 
t, J = 4.9 Hz), 7.34-7.31 (2H, m), 7.17-7.13 (2H, m), 4.42 (2H, d, J = 4.9 Hz), 4.04 
(2H, s), 4.01-3.95 (2H, m), 3.80-3.77 (2H, m), 3.66-3.39 (6H, m), 3.15-3.06 (2H, 
m). HRMS calcd for C18H21FN3O4 (M+H): 362.1516; found: 362.1505. 
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EXAMPLE 107 



Compound 107-A: N-(3.4-Difluoro43enzyl)-2'(2^-dimethyl-5-oxo- 
[131dioxolan-4-ylideneVacetaimde 



5 




To a stirred suspension of 3/4-difluorobenzylamine (0.43 mg, 0.3 
mmol) and resin bound morpholine (200 mg, 2.5-4.0 mmol/1 g) was added a 
solution of (2,2-dimethyl-5-oxo-[13]dioxolan-4-ylidene)-acetyl chloride (60 
10 mg, 0.31 nunol) in CH2CI2 (3 mL) and the mixture stirred for Ih. The 

mixture was filtered and tiie filtrate concentrated to give the title product as a 
white solid (81.8 mg, 92% yield). MS calcd for Ci4Hi3F2N04Na (M+Na): 
320.29; found: 320.27. 

15 Compoimd 828: 4"Hydroxy-l-(2-morphoIin-4-yl-ethylV5<>xo-2^-dihydro- 
lH-pyrrole-3-carboxylic add 3.4-difluoro-ben2ylamide 




20 A mixture of N-(3,4-difluoro-benzyl)-'2-(2,2-dimethyl-5-oxo- 

[l,3]dioxolan-4-ylidene)-acetamide (58 mg, 0.195 rmnol) and a 0.2 mmol 
solution of methylene-(2-morpholin-4-yl-ethyl)-amine in methanol (1.1 mL, 
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0,22 nrniol) was heated at 70 ""C for 1 h. The reaction mixture was cooled to 
room temperature and purified by preparative HPLC usiag methanol/water 
(01% TFA) as the eluent. The fractions containing the product were 
combined and concentrated to give the titie compoimd as a hydroscopic 
5 yeUow powder (30 mg, 31% yield). NMR (500 MHz, DMSO) 6: 11.95 (IH, 
br s), 9.56 (IH, br s), 8.03 (IH, t, J = 6.1 Hz), 7.41-7.30 (2H, m), 7.15-7.12 (IH, 
m), 4.41 (2H, d, J = 6.1 Hz), 4.04 (2H, s), 4.02-3.93 (2H, m), 3,82-3.77 (2H, m), 
3.65-3.51 (4H, m), 3.45-3.41 (2H, m), 3.15-3.06 (2H, m). HRMS calcd for 
C1SH20F2N3O4 (M+H): 380.1422; found: 380.1424. 

10 

EXAMPLE 108 

Compound 108-A: f3>4-Dich loro-benzvlVisopropvl-arnine: compoimd 
hydrochloride 




To a stirred solution of 3,4-dichlorobenzaldehyde (3.50g, 20 romol) and 
isopropylamine (2.40g, 40 mmol) in methanol (20 mL) was added a freshly 
prepared solution zinc chloride (1.36g, 10 mmol) and sodium 

20 cyanoborohydride (1.25g, 20 mmol) in methanol (50 mL) at room 

temperature. The resulting clear reaction mixture was stirred overnight, then 
concentrated. The residue was taken up into aq NaOH (0.2N, 100 mL), 
extracted with ethyl acetate (3 X 100 mL). The combined organic extracts 
were dried over Na2S04, filtered and concentrated to give viscouis yellow oil. 

25 The residue was dissolved into ether and converted to hydrochloride salt 
(4.75 g, 93% yield). ^H NMR (500 MHz, DMSO) 6: 954 (2H, s), 8.00 (IH, d. 
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J=2 Hz), 7.70 (IH, d, J=8 Hz), 7.65 (IH, m), 4.13 (2H, t, J=6 Hz), 325^.22 (IH, 
m), 1.30 (3H, d, J=6.5 Hz). MS calcd for C10H14C12N (M+H): 218.04; found: 
218.04. 

5 Compoimd 108-B: N-(3.4-Dichloro-benzyl)-2-(2.2Kiimelhyl-5-oxc)- 
fl^ldioxolan-4-ylideneV-N-isopropyl-acetainide 




10 To a stirred mixture of (3,4-dichloro-benzyl)-isopropyl-ainine; 

compound hydrochloride (260 mg, 1.024 mxnol) and (2,2-dimethyl-5-oxo- 
[l,3]dioxolan-4-ylidene)-acetyl chloride (190 mg, 1.0 mmol) in (20 mL) 

at room temperature was added diisopropylethylamine (350 \xL, 2.0 mmol). 
After 30 min, the reaction mixture was diluted with ethyl acetate (50 mL), 

15 washed with dilute aqueous HCl (1X5 mL), water (1 X 10 mL), and 

saturated aq. NaQ (1X5 mL). The organic layer was dried over Na2S04, 
filtered and concentrated to give viscous yellow oiL Purification on a silica 
gel column using hexanes/ ethyl acetate (3:2) gave pure product as a viscous 
yellow oil (372 mg, 93% yield). iH NMR (500 MHz, CDCb) 8: 7.41-7.30 (2H, 

20 m), 7.11 (0.67H, d, J = 10.1 Hz), 7.10 (0.33H, d, J = 10.1 Hz), 6.22 (0.67H, s), 
5.87 (0.33H, s), 4.87-4.81 (0.33H, m), 4.51 (1.34H, s), 4.47 (0.66H, s), 4.30-4.24 
(0.67H, m), 1.73 (4H, s), 1.71 (2H, s), 1.21 (4H, d, J = 6.2 Hz), 1.11 (2H, d, J = 6.7 
Hz). MS calcd for C17H20CI2NO4 (M+H): 372.24; found: 372.18. 



25 



wo 2004/004657 



PCTAJS2003/021371 



273 

Compound 829: 4-Hvdroxv-l-(2-morpholm-4-vl-^1 hvn-5KJXO-23-K3ihvdio- 
lH-pyrrole-3-carboxvlic acid (3.4-dichIoro-benzvlVisopro pvl-amide 




Compound 829 was prepared according to the methods described in 
the previous examples to yidd 217 mg (47% yidd) of the title compound as 
the corresponding TFA salt. iR NMR (300 MHz, DMSO) 5: 11.02 (IH, s), 9.62 
(IH, br s), 7.57 (IH, d, J = 8.1Hz), 7.48 (IH, s), 722 (IH, d, J = 7.7 Hz), 4.55 
10 (2H, s), 4.33-4.24 (IH, br m), 4.11 (2H, s), 4.02-3.96 (2H, br m), 3.77 (2H, s), 
3.64-3.54 (4H, m), 3.42 (2H, br s), 3.19-3.04 (2H, br m), 1.12 (6H, d, J = 6.6 Hz). 
HRMScalcdforC2iH28Cl2N304(M+H): 456.1457; found: 456.1470 



EXAMPLE 109 

15 Compound 109-A: r3,4-Dichloro-benzylH3-phenyl-propvD-aiMine; 
hydrochloride 




CI 



20 



To a stirred solution of 3,4-dichlorobenzaldehyde (3.50g, 20 mmol) and 
3-phenylpropylainine (5.40g, 40 mmol) in methanol (20 mL) was added a 
freshly prepared solution of zinc chloride (1.36g, 10 nunol) and sodium 
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cyanoborohydride (1.25g, 20 mmol) in metihanol (50 mL) at room 
temperature. The resulting dear reaction mixture was stirred overnight, then 
concentrated. The residue was taken up into aq NaOH (0.2N, 100 mL) and 
extracted with ethyl acetate (3 X 100 mL). The combined organic extracts 
5 were dried over NaaSO*, filtered and concentrated to give a viscous yellow 
oil. The residue was purified on silica gd column using 30-40% ethyl acetate 
in hexanes. The product was dissolved in Et20 and treated with HQ (in 
ether) to form the corresponding hydrochloride salt as a precipitate which 
was isolated by fUtration (5.40 g, 98% yield). NMR (500 MHz, DMSO) 5: • 
10 9.66 (2H,s), 7.94 (IH, d, J = 2.0 Hz), 7.69 (IH, d, J = 8.5 Hz), 7.59 (IH, m), 7.30- 
7.18 (5H, m), 4.13 (2H, s), 2.89-2.5 (2H, br s), 2.65 (2H, t, J = 7.5 Hz), 1.99 (2H, 
m).MScalcdforCi6Hi7a2N(M+l): 294.08; found: 294.08. 

Compound 109-B: N-(3.4-Dichloro-benzvn-2-(2.2-dimethvl-5-oxo- 
15 ri,31dioxolan-4-ylidene)-N-(3-phenvl-propyl)-acetainide 




CI 



To a stirred mixture of (3,4-dichloro-benzyl)-(3-phenyl-propyI)-amine; 

20 hydrochloride (330 mg, 1.0 mmol) and (2,2-dimethyl-5-oxo-[l,3]dioxolan-4- 
ylidene)-acetyl chloride (206 mg, L08 mmol) in CH2CI2 (10 mL) at room 
temperature was added diisopropylethylamine (386 nL, 2.2 mmol). After 30 
min, the reaction mixture was diluted with ether (50 mL), washed with dilute 
aqueous HCl (1X5 mL), water (1 X 10 mL), and saturated aq. NaQ (1X5 

25 mL). The organic layer was dried over NaaSOi, filtered and concentrated to 
give the desired amide (447 mg, 100% yield) as a viscous oil. NMR (300 
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MHz, CDCI3) 8: 7.41-6.94 (8H, m), 6.08 (0.66H, s), 6.01 (0.34H, s), 4.53 (1.33H, 
s), 4.48 (0.67H, s), 3.41 (0.67H, t, J = 7.5 Hz), 3.26 (1.33H, t, J = 7.8 Hz), 2.61 
(2H, t, J = 7.3 Hz), 1.95-1.85 (2H, m), 1.71 (6H,s). MS calcd for 
C23Ha3Cl2N04Na (M+Na): 470.09. Found: 470.09 

5 

Compotmd 830: 4-Hydroxy-l-(2-morpholin-4-yl-e1hylV5-oxo-2^-dihydro- 
lH-pyrrole-3-carboxylic add (3/4Kiichloro-benzylH3-phenyl-propyl)-aimde 




Compound 830 was prepared according to the methods described in 
the previous examples to yield 207 mg (38% yield) of the title compound as 
the corresponding TFA salt ^HNMR (500 MHz, DMSO-d6) 6: 11.04 (lH,s), 
9.64 (IH, s), 7.59 (IH, d, J = 8.2 Hz), 7.50 (IH, s), 7.28-7.21 (3H, m), 7.17-7.11 
15 (3H, m), 4.63 (2H, s), 4.07 (2H, s), 4.04^.96 (2H, br s), 3.79-3.73 (2H, br s), 3.68- 
3.51 (4H, br m), 3.46-335 (4H, br m), 3.28 (IH, br s), 3.16-3.05 (2H, br s), 1.88- 
1.71 (2H, br s). HRMS calcd for C27H32a2N304 (M+H): 53Z1770; found : 
532.1758. 
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EXAMPLE 110 



Compound 110-A: (3.4-I3icMoro-benzyl)-(3-methyl'butyl)"anTm 
hydrochloride 



NH 



CI 




HCI 



CI 



10 



15 



To a stirred solution of 3,4-dichlorobeitzaldehyde (3.50g, 20 mmol) and 
3-methyIbutylainine (2.62g, 40 mmol) in methanol (20 mL) was added a 
freshly prepared solution zdnc chloride (1.36g, 10 mmol) and sodium 
cyanoborohydride (1.25g, 20 mmol) in methanol (50 mL) at room 
temperature. The resulting dear reaction mixture was stirred overnight, flien 
concentrated. The residue was taken up into aq NaOH (0.2N, 100 mL), 
extracted with ethyl acetate (3 X 100 mL), The combined organic extracts 
were dried over NaaSOi, filtered and concentrated to give viscous yellow oil. 
The residue was piurified on silica gel column using 1:4, 3:7 and 2:3 ethyl 
acetate/hexanes as eluent. The product was dissolved in EtiO and treated 
with HQ (in ether) to form the corresponding hydrochloride salt as a 
precipitate which was isolated by ftttration (4.924 g, 73% yield). "^H NMR (500 



MHz, DMSO) 5: 9.57 (2H,s), 7.95 (IH, d, J=2 Hz), 7.70 (IH, d, J=8.5 Hz), 7.60 
(IH, m), 4.13 (2H, s), 2.87-2.85 (2H, br m), 1.63-1.54 (3H, m), 0.86 (6H, d, 1=6.5 
Hz).MScalcdforCi2Hi8Cl2N(M+H): 246.08; found: 246.31. 
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Compoxmd 110-B: N-(3.4-DicMorO'benzylV2-^22-dimeihvl^^ 
ri31dioxolan-4-vHdene)'N-(3-methyl-butyl)-acetaimd^ 




CI 

5 

To a stirred mixture of (3,4-di(Woro-be3i2yl)-(3-methyl-butyl)'aiim 
hydrochloride (283 mg, 1.0 mmol) and (2,2-dimethyl-5-oxo-[l^]dioxolan-4- 
ylidene)-acetyl chloride (206 mg, 1.08 mmol) in CH2CI2 (10 mL) at room 
temperature was added diisopropylethylamine (386 fxL, 2.2 mxnol). After 30 

10 min, the reaction mixture was diluted with ether (50 mL), washed with dilute 
aqueous HCl (1X5 mL), water (1 X 10 mL), and saturated aq. NaCl (1X5 
mL). The organic layer was dried over NaaSO-i, filtered and concentrated to 
give viscous yellow oil. Purification on a Silica gel coltimn using 
hexanes/ethyl acetate (20-40% EtOAc) as the eluent gave the title compound 

15 as a viscous yeUow oil (400 mg, 100% yield). iR NMR (500 MHz, CDCI3) 5: 
7,42-7.26 (2H, m), 7.11 (0.67H, d, J = 8.2 Hz), 7.01 (0.33H, d, J = 8.2 Hz), 6.14 
(0.67H, s), 6.00 (0.33H, s), 4.56 (L34H, s), 4.52 (0.66H, s), 3.39-3.36 (.67H, m), 
3.29-3.26 (1.33H, m), 1.74 (4H, s), 1.70 (2H, s), 1,59-1.50 (IH, m), 1.47-1.42 (2H, 
m), 0.90-0.88 (6H, m). MS calcd for C19H24CI2NO4 (M+H): 400.1; found: 

20 400.07. 
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Compoiind 831: 4-Hydroxy-l-(2-morpholin-4-yl-ethvlV5-oxo-25-c^^ 

lH-pvrrole-3-carboxyHc acid (3.4-dicMoro-benzvlH3-methvl-butvlV-ainide 




Compound 831 was prepared according to tiie methods described in 
the previous examples to jdeld 213 mg (38% yield) of the title compound as 
the corresponding TFA salt. iRNMR (500 MHz, DMS0-d6) 5: 11.08 (lH,s), 
9.73 (IH, s), 7.61 (IH, d J = 8.2 Hz), 7.52 (IH, s), 7.25 (IH, br s), 4.61 (2H, s), 
10 4.11 (2H, s), 4.05-3.95 (2H, br m), 3.78 (2H, br s), 3.70-3.48 (4H, m), 3.46-3.31 
(4H, br m), 3.26 (IH, br s), 3.17-3.02 (2H, br m), 1.57-1.27 (3H, br m), 0.80 (6H, 
brs).HRMScalcdforC23H32Cl2N304(M+H): 484.177; found: 484.1793. 

EXAMPLE 111 

15 Compoimd 832: 4-Hvdroxv-5-oxo-l-[2-(tetrahydro-pvran-4-vl)-efliivn-2^- 
dihydro-lH-pyrrole-3-carboxylic add (3,4-dichloro-beKzyl)-methyl-amide 
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A mixture of paraformaldehyde (18 mg, 0-563 irunol) and 4-(2- 
ammoethyl)tetrahydropyran (65 mg, 0.5 mmol) in anhydrous methanol (3 
mL) was warmed to 60 °C. To the resulting clear homogeneous solution was 
added N-(3,4KlicWoro-benzyl)-2-(2,2-dimethyl-5-oxo-[131dioxolan-4- 

5 ylidene)-N'methyl-acetamide (172 mg, 0.5 nunol) and stirring continued for 
18h at 60 ""C and an additional 6h at room temperature. The crude reaction 
mixture was purified by preparative HPLC on a CIS coltimn using 
water/meihanol (0.1% TFA) as the eluent. The fractions containing the 
desired product were combined, the methanol removed under vacuum and 

10 the remaining aqueous solution extracted with ethyl acetate. The combined 
ethyl acetate extracts were dried over anhydrous Na2S04, filtered and 
concentrated to give the title compoimd as a white solid (164 mg, 77% yield). 
iHNMR (500 MHz, CDCI3) 5: 10.15 (IH, br s), 7.41 (IH, d, J = 8.2 Hz), 7.35 
(IH, s), 7.11 (IH, d, J = 8.2 Hz), 4.60 (2H, s), 4.13 (2H, s), 3.93 (2H, dd, J = 11, 

15 3.7 Hz), 3.54 (2H, t, J = 7.1 Hz), 3.34 (2H, t, J = 11.9 Hz), 3.03 (3H, s), 1.65-1.24 
(7H,m).HRMScalcdforC2oH25a2N204(M+H): 427.1191; found: 427.1179. 

EXAMPLE 112 

Compound 833: 4-Hydroxy-5<>xo"l-(2-thiomorpholin-4-yl-ethyl)-23- 
20 dihydro-lH-pyrrole-3-carboxylic add (3,4-dicfaloro-benzyl)-methvl-amide 




A mixture of paraformaldehyde (56 mg, 1.75 mmol) and l-(2- 
25 aminoethyl)thiomorpholine (219 mg, 1.5 mmol) in anhydrous methanol (5 
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mL) was wanned to 60 °C. To the resulting dear homogeneous solution was 
added N-(3,4-dichloro-benzyl)-2-(2>dimethyl^^^ 

ylidene)-N-methyl-acetarmde (516 mg, 1.5 mmol) and stirring continued for 
18h at 60 °C and an additional 6h at room temperature. The crude reaction 

5 mixture was purified on CIS colimm using water/acetonitrile (contains 

0.05% TFA) as ihe eluent. The fractions containing the desired product were 
combined, concentrated and lyophilized to give the corresponding TFA salt 
of the title compound as a white solid (555 mg, 66% yield). iHNMR (500 
MHz, DMSO-d6) 5: 11.10 (IH, s), 9.53 (IH, br s), 7.62 (IH, d, J = 8.2 Hz), 7.50 

10 (IH, s), 7.28-7.20 (IH, br s), 4.59 (2H, s), 4.12 (2H, s), 3.85-3.73 (4H, m), 3.45- 
3.37 (2H, br s), 3.25-3.14 (2H, br m), 3.02-2.95 (2H, br m), 2.94-2,85 (4H, br m). 
HRMScalcdforCi9H24Cl2N303S: 444.0915; found: 444.0909. 



EXAMPLE 113 

15 Compound 834: 4-Hydroxy-l-f2-(2-hvdroxv-ethylarnino)-ethyl1-5-oxo-23- 
dihydro-lH-pyrrole-3-carboxylic add (3.4-dichloro-benzyl)-methyl-amide 



20 A mixture of paraformaldehyde (18 mg, 0.563 mmol) and 2-(2- 

aminoetiiylamino)ethanol (54 mg, 0.5 mmol) in anhydrous methanol (3 mL) 
was warmed to 60 **C. To the resulting dear homogeneous solution was 
added N-(3,4-dicWoro-berizyl)-2-(2,2-dimethyl-5-oxo-[l,3]dioxolan 
yKdene)-N-methyl-acetamide (175 mg, 0.5 mmol) and the mixture stirred for 

25 30 min at 60 **C. The crude product was purified by preparative HPLC on a 
C18 column using water/methanol (0.1% TFA) as the eluent The fractions 
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containing the desired product were combined, concentrated and lyc^hilized 
to give the corresponding TFA salt of the title compound as a white powder 

(156 mg, 61%.yield). iHNMR (500 MHz, CDCI3) 5: 9.08 (2H, br s), 7.39 (IH, d, 
J = 8.2 Hz), 7.32 (IH, s), 7.08 (IH, d, J = 8.2 Hz), 4.55 (2H, s), 4.24 (2H, s), 3.93- 
5 3.80 (5H, br m), 3.40 (2H, br s), 3.21 (2H, br s), 2.98 (3H, s). HRMS calcd for 
C17H22CI2N3O4 (M+H): 402.0987; found: 402.1311 

EXAMPLE 114 

Compouad 835: 4-Hydroxy-5-oxo-l-[2-(l-oxo-l?i^thiomorpholin^yl)-ethyl1- 
10 2,5-dihydro-lH-pyTrole-3-carboxyUc acid (3,4-dichloro-benzylVniethyl-amide 




To a stirred solution of 4-hydroxy-5-oxo-l-(2-thiomorpholin-4-yl- 
15 ethyl)-2,5-dihydro-lH-pyrrole-3-carboxylic add (3,4-dichloro-benzyl)- 
methyl-amide (108 mg, 0.243 mmol) in water (20 mL) was added 30% 
hydrogen peroxide (0.3 mL). After stirring overnight the reaction mixture 
was lyophilized to give the title compoimd as a white powder. ^HNMR (500 
MHz, CDCI3) 6: 7.42 (IH, d, J = 8.5 Hz), 7.34 (IH, s), 7.10 (IH, d, J = 8.2 Hz), 
20 4.59 (2H, s), 4.28 (2H, s), 3.89 (2H, t, J = 5.8 Hz), 3.74-3.70 (2H, m), 3.63 (2H, t, J 
= 11.9 Hz), 3.29-3.24 (2H, m), 3.18 (2H, t, J = 11.9 Hz), 3.07-2.99 (2H, m), 3.01 
(3H,s). HRMS calcd for Ci9Ha4a2N304S (M+H): 460.0865; found: 460.0884. 
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EXAMPLE 115 

Compound 836: r(2-f44(3,4-DichlQro-berizvlVmethvlK:arbamovl1-3-hydro 

2-oxo-25Kiihvdjo-pyrrol-l-yli-ethylV(2-^^ 

methyl ester 

5 




To a stirred warm (approximately 60 ^C) solution of 2-(2- 
aminoethylamino)ethanol (104 mg, 1.0 mmol) and paraformaldehyde (32 mg, 

10 1 .0 mmol) in anhydrous methanol was added N-(3,4-dichloro-benzyl)-2-(2,2- 
dimethyl-5-oxo-[i;3]dioxolan-4-yUdene)-N-methyl-acetainid^ (344 mg, 1 
mmol). After 30 min, the mixture was cooled to room temperature and 
methyl bromoacetate (104 (xL, 1.1 mmol) followed by K2CO3 was added. The 
resulting suspension was stirred overnight at 40 °C, then filtered and piirified 

15 by preparative HPLC on a C18 coltunn using water /methanol (0.1% TEA) as 
the eluent. The fractions containing the desired product were combined, 
concentrated and lyophilized to yield the corresponding TEA salt of the title 
compound as a white powder (248 mg, 42% yield). ^HNMR (500 MHz, 
CDCI3) 5: 7.38 (IH, d, J = 8.2 Hz), 7.32 (IH, s), 7.07 (IH, d, J = 8 Hz), 4.56 (3H, 

20 s), 4.20 (2H, s), 4.01 (2H, s), 3.86-3.78 (4H, m), 3.59-2.55 (2H, m), 3.38-3.34 (2H, 
m), 3.01-2.94 (4H, m), 2.73 (3H, s). HRMS calcd for C20H26CI2N3O5 (M+H): 
474.1199; found: 474.1295. 
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EXAMPLE 116 

Compound 837: 4-(4-r(3.4-DicMoro-benzylVmethyl-<:aj:^ 
Qxo-2^-dihvdro-pyrrol-l-yl}-piperidine-l<arboxy add ethyl ester 




To a stirred warm (60 °C) solution of ethyl 4-aimno-l- 
piperidinecarboxylate (86.1 mg, 0.5 mmol) and paraformaldehyde (16 mg, 0.5 
mmol) in methanol (2 mL) was added N-(3,4-dichloro-benzyl)-2-(2,2- 

10 dimethyl-5-oxo-[13]dioxolan-4-ylidene)-N-methyl-acetamide (175 mg, 0.5 
mmol). After 2 h, the reaction mixture was cooled and purified using 
preparative HPLC on a C18 coltmm using water/methanol-(0.1% TFA) as the 
eluent. The fractions containing the desired product were combined, 
concentrated and lyophilized to give the title compoimd as a white powder 

15 (64 mg, 27% yield). iRNMR (500 MHz, CDCI3) 5: 10.16 (2H, br s), 7.40 (IH, d, 
J = 8.2 Hz), 7.35 (IH, s), 7.10 (IH, d, J = 8.0 Hz), 4.59 (2H, s), 4.34^.18 (3H, m), 
4.13 (2H, q, J = 7.0 Hz), 4.09 (2H, s), 2.06 (2H, s), 2.87-2.80 (2H, br m), 1.82-1.76 
(2H, br m), 1.63-1.55 (2H, m), 1.25 (3H, t, J = 7.0 Hz). MS calcd for 
C21H26CI2N3O5 (M+H): 470.36; found: 470.02. 



wo 2004/004657 



PCT/US2003/021371 



284 

EXAMPLE 117 

Compound 838: 4-HydToxy-5-oxo-l-piperidin-3-yl-23H±yKvd^^ 
carboxylic acid (3,4-didiloro-beiizyl)-methyl-aimde 



5 




To a stirred warm (60 °C) solution of 3-aminopiperidine 
dihydrochloride (150 mg, 0.867 mmol), paraformaldehyde (34 mg, 1.04 
mmol) and triethylamine (0.3 mL, 2.14 mmol) in methanol (5 mL) was added 

10 N-^3,4^<Woro-benzyl)-2-(2,2-dimethyl-5-oxo-[l^]^^^ 

methyl-acetamide (300 mg, 0.872 mmol). After 1 h, the reaction mixture was 
cooled and purified by preparative HPLC using a C18 column and 
water/methanol (0.001 mM HCl) as eluent. The fractions containing the 
desired product were combined, concentrated and lyophilized to give the 

15 corresponding hydrochloride salt of the titie compound as a white powder 
(162 mg, 43% yield). iRNMR (500 MHz, DMSO-d6) 6: 11.06 (IH, br s), 9.35 
(IH, d, J = 10.1 Hz), 9.10-8.99 (IH, m), 7.62 (IH, d, J = 8.2 Hz), 7.52 (IH, s), 
7.29-7.20 (IH, br s), 4.59 (2H, d. Jab = 15.7 Hz), 4.34-3.88 (4H, m), 3.40-2.73 
(6H, m), 1.90-1.74 (4H, m). HRMS calcd for C18H22CI2N3O3 (M+H): 398.1038; 

20 found: 398.1042. 
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EXAMPLE 118 

Compoimd 839: 4-Hydroxy-5-oxo4-f2.22-trmuoro-e1hylV25-^ 
pyrrole-3-caiboxylic add (3,4-dicMoro-benzyl)-metihyl'-anude 



To a stirred warm (60 ""C) solution of 2,2,2-trifluoroethylamiiie 
hydrochloride (100 mg, 1.0 minol) paraformaldehyde (32 mg, 1.0 mmol) and 
triethylamine (0.14 mL, 1.0 mmol) in methanol (5 mL) was added N-(3,4- 

10 dicWoro-benzyl)-2-(2,2Kiimeihyl-5K)xo-[i;3]dioxolan-4-yUd 

acetamide (344 mg, 1.0 mmol). After 24 h, the reaction mixture was cooled 
and purified by preparative HPLC using a C18 column and water /methanol- 
(0.1% TFA) as eluent. The fractions containing the desired product were 
combined, concentrated and lyophilized to give the tide compoimd as a 

15 white powder (81.4 mg, 21% yield). iRNMR (500 MHz, CDCI3) 5: 10.05 (IH, 
br s), 7.42 (IH, d, J = 8.2 Hz), 7.36 (IH, s), 7.11 (IH, d, J = 8.2 Hz), 4.60 (2H, s), 
4.32 (2H, s), 4.10 (2H, q, 8.9 Hz), 3.04 (3H, s). HRMS calcd for 
Ci5Hi2Cl2F3N203(M-H): 395.0177; found: 395.0192. 




5 



F 
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EXAMPLE 119 



Compoimd 840: 4-Hydroxy-5-oxO"l-piperidin-4-yl-2.5Kiihyd^ 
carboxylic add (3.4-cUchIoro-benzyl)-methyl-amide 



To a stirred warm (60 °C) solution of 4-aimnopiperidme (36 mg, 0.25 
mmol) and paraformaldehyde (8 mg, 0.25 mmol) in methanol (1.5 mL) was 
added N-(34-dicWoro-benzyl)-2-(2,2Kiimethyl-5-oxo-[13]dioxoIan 
10 ylidene)-N-methyl-acetamide (93 mg, 0.27mmol). After 1 h, the reaction 
mixture was cooled and purified by preparative HPLC on a C18 column 
using water/methanol-(0.1% TFA) as the eluent. The fractions containing the 
desired product were combined, concentrated and lyophilized to give the 
corresponding TFA salt of the title compoimd as white powder (46.3 mg, 36% 



15 yield). iRNMR (300 MHz, CDCI3) 6: 9.65 (IH, br s), 9.17 (IH, br s), 7.42 (IH, 
d, J = 8.1 Hz), 7.34 (IH, s), 7.10 (IH, d, J = 8.1 Hz), 4.60 (2H, s), 4.40-4.29 (IH, 
m), 4.20 (2H, s), 3.65-3.52 (2H, m), 3.10-2.82 (2H, m), 3.04 (3H, s), 2.43-1.97 
(4H,m). HRMScalcdforCi8H22Cl2N303(M+H): 398.1038; found: 398.1044. 



Method for the preparation of compoimds 857-862 

The general method for the preparation of compounds 857-862 is illtistrated 
in Scheme XVI. 




20 



EXAMPLE 120 



25 
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Compoimd 120-A: 3. S-DicMorobenzvl-metiiyl amine hvdiochloride 




5 To a stirred solution of 3, 5-dichlorobenzaldehyde (9.0 g, 51 mmol) in 

methanol (100 mL) was added methanolic methylamine (2M, 100 mL, 200 
mmol) and the resulting mixture stirred for 2 h at room temperature. To this 
was added a solution of ZnCb (3.402 g, 25 mmol) slowly and NaCNBHs 
(3.142 g, 50 mmol) in methanol (100 mL). After 24 h, the reaction mixture 

10 was concentrated, and the resulting residue taken up in dilute aq NaOH (0.5 
N, 200 mL)and extracted with CH2CI2 (5 X 50 mL). The combined CH2CI2 
extracts were dried over anhydrous Na2S04, filtered and concentrated to give 
a yellow viscous liquid. The crude product was dissolved in ether (200 mL) 
to which was added 29 mL of 2N HCl (in ether). The resulting white 3, 5- 

15 dichlorobenzyl-methylamine hydrochloride salt was filtered and dried under 
vacuum to give 11.20 g (97% yield) of product. ^HNMR (300 MHz, DMSO-d6) 
5: 9.48 (2H, s), 7.68 (3H, s), 4.13 (2H, s), 2.50 (3H, s). MS calcd for C8H10C12N 
(M+H): 190.02; found: 190.05. 

20 Compound 120-B: N-(33-Dichloro-benzylV2-f2.2-d iTTiPthYl^S-Qxo- 
ri31dioxolan-4-ylideneVN-methyl-acetamide 
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To a stirred solution of (2^-<limethyl-5-oxo-Il^]dioxolaii-4-ylidene)- 
acetyl chloride (0.96 g, 5 mmol) in QhCh (20 mL) was added a solution of 3, 
S-dichlorobenzyl-meihylamine hydrochloride (1.133 g, 5 mmol) and EtaN (2 
mL) in CH2CI2 (25 mL). The addition flask was rinsed witii CH2a2 (5 mL) 
5 and added to the reaction mixture. After 2 h, the reaction mixture was 
concentrated and tiie resulting residue was triturated with ether (100 mL), 
filtered and concentrated to give the desired product as a viscous brown oil 
(1.70 g, 100% yield). ^HNMR (300 MHz, CDCI3) 6: 7.30-7.27 (IH, m), 7.16 
(1.5H, br s), 7.06 (0.5H, s), 6.17 (0.66H, s), 6.07 (0.34H, s), 4.59 (1.33H, s), 4.53 
10 (0.67H, s), 3.03 (2H, s), 2.97 (IH, s), 1.74 (4H, s), 1.70 (2H,s). 

General Proce dure for the preparation of compoimds 857-862 

As illustrated in Scheme XVI, a 0.2 mM solution of amine, 1-7, and 
paraformaldehyde in methanol (1 mL) are added to 0.1 mM solution of N- 

15 (3^<licWoro-benzyl)-2-(2,2Kiimethyl-5<>xo-[l,3]^^ 

methyl-acetamide in methanol (2 mL). The mixture is warmed to 60 ^'C and 
kept at this temperature until tiie reaction is complete (1-24 h). The reaction 
mixture is purified by preparative HPLC on a C18 column using 
water/methanoH01% TFA) as eluent. The fractions containing the desired 

20 product were contibined, concentrated and lyophilized. 

Compound 841: 4rHvdroxv-l-methvl-5K)xo-25-dihydro-lH-pvrrole-3- 
carboxvUc add f3^-dichloro-benzylVmethvl-amide 
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Reaction time 1 h. Obtained 47 mg (53% yield). iHNMR (500 MHz, 
CDCI3) 5: 7.29 (IH, s), 7.13 (2H, s), 4.59 (2H, s), 4.16 (2H, s), 3.11 (3H, s), 3.03 
(3H,s).HRMScalcdforCi4Hi5Cl2N203(M+H): 329.04598; found: 329.0456. 

5 Compound 842: l-Ethvl^hvdroxv-5-oxo-25-dihvdro-lH-pvrroIe-3- 
carboxvlic add ( 35-dichloro-benzvlVmethvl-ainide 




Reaction time 1 h. Obtained 39.8 mg (44% yield). iHNMR (500 MHz, 
CDCI3) 5: 7.29 (IH, s), 7.14 (2H, s), 4.60 (2H, s), 4.17 (2H, s), 3.36 (2H, q, J = 7.3 
Hz), 3.04 (3H, s), 1.22 (3H, t, J = 7.3 Hz). HRMS calcd for C15H17CI2N2O3 
(M+H): 343.0616; found: 343.0609. 



15 Compound 843: l-(2-Huoro-ethvD-4-hvdroxv-5-oxo-25-dihydro-lH-pvirole- 
3-carboxvlic add (35-dichloro-benzvlV methvl-amide 




F 

Reaction time 24 h. Obtained 13.6 mg (14% yield). iHNMR (500 MHz, 
CDCI3) 6: 7.29 (IH, s), 7.14 (2H, s), 4.65 (IH, t, J .= 4.6 Hz), 4.59 (2H, s), 4.56 
(IH, t, J = 4.6 Hz), 4.33 (2H, s), 3.84 (IH, t, J = 4.6 Hz), 3.78 (IH, t, J = 4.6 Hz), 
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3.04 (3H,s). HRMScalcdforCi5Hi4Cl2FN203(M-H): 359.0366; found: 
359.0374. 

Compound 844: 4-Hvdroxy-5K)xo-l-piperidin-4-yl-2,5Klihydro-lH-pyrrole-^^ 
5 carboxylic add (3S<iichloro-be3nzyl)-inefliyl-amide 



Reaction time 1 h. Obtained42.3 mg (41% yield) as the corresponding 



10 TFA salt. iHNMR (500 MHz, CDCI3) 5: 9.66 (IH, s), 9.17 (IH, s), 7.30 (IH, s), 
7.14 (2H, s), 4.60 (2H, s), 4.37 (IH, m), 4.21 (2H, s), 3.56-3.53 (2H, m), 3.08-3.03 
(2H, m), 3.06 (3H, s), 2.27-2.19 (2H, m), 2.03-1.97 (2H, m). HRMS calcd for 
Ci8H22CliN3Qj (M+H): 398.1038; found: 398.1040. 

15 Compound 845: 4-Hydroxy-l-(2-morpholin-4-yl-ethyl)-5-oxo-2^dihydro- 
lH-pvrrole-3-carboxylic acid (3^-dichloro-benzyl)-methyl-ainide 




CI 
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Reaction time 1 h. Obtained 61.1 mg (56% yield) as the corresponding 
TFA salt iHNMR (500 MHz, .CDCb) 6: 9.15 (IH, br s), 7.29 (IH, s), 7.12 (2H, 
s), 4.57 (2H, s), 4.28 (2H, s), 4.06-3.72 (8H, m), 3.45-3.37 (2H, br s), 3.00 (3H, s), 
2.98-2.91 (2H, m). HEMS calcd for Ci9H24a2N304 (M+H): 428.1144; found: 
5 428.1135. 

Compound 846: l-f2-Aniino-eth vD-4-hvdTOxv-5-oxo-2.5-dihvdro-lH-pvrrole- 
3-carboxvlic add (3 5-dichloro-benzvlV-methvl-amidp 




10 NHa 

iHNMR (500 MHz, DMSO-d6) 5: 11.01 (IH, s), 7.53 (IH, s), 7.32 (2H, 
s), 4.60 (2H, s), 4.10 (2H, s), 3.64 (2H, t, J = 5.35 Hz), 3.43 (3H, br s), 3.07-3.00 
(4H, m). HRMS calcd for CisHisChNsCb (M+H): 358.0725; found: 358.0719. 

15 

EXAMPLE 121 

Compound 847: 4- Hvdroxv-l-(2-rdmethvlsu]famidoyl-methvl-amino)-ethyD- 
5-oxo-2^-dihydro-lH-pyrrole-3-carboxvlLC acid G.4-dichloro-ben2yl)-methyl- 
amide 
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To a stirred solution of 44iydroxy-l-(2-methylainmo-ethyl)-5-oxo-2^ 
dihydro-lH-pyrrole-3-carboxylic add (3,4-dichloro-benzyl)-inethyl-ainide 
(Compound 15) (150 mg, 0.367 mmol) in CH2a2 (5 mL) was added EtaN (0.14 
mL, 1.0 mmol) followed by dimethylsvilfamoyl chloride (53 ^iL, 0.5 mmol) at 

5 room temperature. After 4 h, the reaction mixture was concentrated and titie 
resulting residue was dissolved in methanol and purified by preparative 
HPLC on a C18 coltimn using water/methanol-(0.1% TFA) as eluent The 
fractions containing ihe desired product were combined, concentrated and 
lyophilized to give the titile compound as a white solid (134.3 mg, 62% yield). 

10 iHNMR (500 MHz, CDCI3) 8: 10.38 (IH, br s), 7.42 (IH, d, J = 8.2 Hz), 7.35 
(IH, s), 7.10 (IH, d, J = 8.2 Hz), 4.58 (2H, s), 4.29 (2H, s), 3.69 (2H, t, J = 5.8 
Hz), 3.43 (2H, t, J = 5.8 Hz), 3.02 (3H, s), 2.81 (3H, s), 2.73 (6H, s). HKMS calcd 
forCi8H2sCl2N405S(M+H): 479.0923; found: 479.0941. 

15 EXAMPLE 122 

Compound 848: 4-Hvdroxv-l-r2-(methanesulfonvl-methvl-amino )-ethvn-5- 
oxo-25-dihvdro-lH-Pvrrole-3-carboxvlic acid f3.4-dichl oro-benzvl')-methyl- 
amide 




To a stirred solution of 4-hydroxy-l-(2-methylamino-ethyl)-5-oxo-2,5- 
dihydro-lH-pyrrole-3-carboxylic add (3,4-dichloro-benzyl)-methyl-amide 
(Compound 15) (150 mg, 0.367 mmol) in CH2CI2 (5 mL) was added EtaN (0.14 
25 mL, 1.0 mmol) followed by methanesulfonyl chloride (38 \xL, 05 mmol) at 
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room temperature. After 1 h, tiie reaction mixture was concentrated and the 
resulting residue was dissolved in methanol and purified by preparative 
HPLC on a C18 column using water/methanol-(0.1% TFA) as eluent. The 
fractions containing the desired product were combined, concentrated and 
5 lyophilized to give the title compound as a white powder (21.3 mg, 13% 

yield). iHNMR (500 MHz, CDCI3) 5: 7.42 (IH, d, J = 8.2 Hz), 7.35 (IH, s), 7.11 
(IH, d, J = 8.2 Hz), 458 (2H, s), 4.29 (2H, s), 3.71 (2H, t, J = 5.8 Hz), 3.38 (2H, t, 
J = 5.8 Hz), 3.02 (3H, s), 2.89 (3H, s), 2.78 (3H, s). HRMS calcd for 
Ci7H22Cl2N305S(M+H): 450.0657; found: 450.0658. 

10 

EXAMPLE 123 

Compound 849: l-r2~a3-Dimethvl-iireido)-ethvll-4-hvdroxv-5-oxo-2^- . 
dihvdro-lH-pyrrole-3K:arboxvlic add (3.4rdichloro-benzyl)-methyl-amide 




To a stirred solution of 4-hydroxy-l-(2-mefliylamino-ethyl)-5-oxo-2,5- 
dihydro-lH-pyrrole-3-carboxylic acid (3,4-dichlorO"benzyl)-methyl-amide 
(Compound 15) (155 mg, 0.379 mmol) in CH2CI2 (5 mL) was added EtsN (0.14 

20 mL, 1.0 mmol) followed by methyl isocyanate (29 \iL, 0.5 mmol) at room 
temperature. After 1 h, the reaction mixture was concentrated and the 
resulting residue was dissolved in methanol and purified by preparative 
HPLC on a C18 column xising water /methanol (0.1% TFA) as eluent. The 
fractions containing the product were combined, concentrated and 

25 lyophilized to give the title compound as a white powder (107.6 mg, 52% 
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yield). iRNMR (500 MHz, CDOb) 8: 11.56 (IH, br s), 7.41 (IH, d, J = 8.2 Hz), 
7.34 (IH, s), 7.10 (IH, d, J = 8.2 Hz), 4.66 (IH, br s), 4.57 (2H, s), 4.28 (2H, s), 
3.62 (2H, t, J = 5.8 Hz), 3.56 (2H, t, J = 5.8 Hz), 3.02 (3H, s), 2.89 (3H, s), 2.70 
(3H,s). HRMScalcdforCi8H23Cl2N404(M+H): 429.1096; found: 429.1082, 

5 

EXAMPLE 124 

Compound 850: 4-HYdroxy-l-r2-Q-methyl-ureidoV-€tfayl1-5<)xo-23Klihy 
lH-pyrrole-3-carboxylic add (3.4-dichloro-benzyl)-m.ethyl-amide 




To a stirred solution of 4-hydroxy-l-(2-ineiiiylainino-etiiyl)-5-oxo-2,5- 
dihydro-lH-pyrrole-S-carboxylic acid (3,4-dichIoro-benzyl)-methyl-ainide 
(Compound 15) (153 mg, 0.374 mmol) in CH2CI2 (5 mL) was added EtsN (0.14 

15 mL, 1.0 mmol) followed by trimethylsUyl isocyanate (68 fiL, 0.5 mmol) at 
room temperature. After 2 h, the reaction mixture was concentrated and the 
resulting residue was dissolved in methanol and purified by preparative 
HPLC on a CIS column using water/methanol-(0.1% TFA) as eluent The 
fractions containing the product were combined, concentrated and 

20 lyophilized to yield the title compoxmd as a white powder (120 mg, 61% 
yield). ^HNMR (500 MHz, CDCI3) 5: 10.37 (IH, br s), 7.41 (IH, d, J = 8.2 H), 
7.34 (IH, s), 7.10 (IH, d, J = 8.2 Hz), 5.78 (2H, br s), 4.56 (2H, s), 422 (2H, s), 
3.64 (2H, t, J = 5.2 Hz), 3.55 (2H, t, J = 5.2 Hz), 2.99 (3H, s), 2.94 (3H, s). HRMS 
calcd for Ci7H2ia2N404 (M+H): 415.094; found: 415.0941. 



25 
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EXAMPLE 125 

Compound 851: 4-Hydroxy"l"r2>(2"((N-tert-butylcarbamoyl-si3l^^ 
methyl"amino)'ethyl1'5'Oxo-2^-(lihy(ko-lH-^ add (3.4- 

dichloro-benzyD-methyl-amide 

5 




To a stirred solution of 4-hydroxy-l-(2-inethylamino-ethyl)-5-oxo-2^- 
dihydro-lH-pyrrole-3-carboxylic add (3,4-didiloro-benzyl)-raethyl-amide 

10 (Compound 15) (110 mg, 0.269 mmol) in CHbCk (5 mL) was added Et^N (0.14 
mL, 1.0 mmol) followed by a freshly prepared solution of t-butanol and 
dilorosulf onyl isocyanate (concentration = 0.2 mM, 2 mL, 0.4 mmol) at room 
temperature. After 1 h, the reaction mixture was concentrated and the 
resulting residue dissolved in methanol and purified by preparative HPLC 

15 on a C18 colimm using water/mefhanol-(0.1% TEA) as eluent. The fractions 
containing the product were combined, concentrated and lyophilized to give 
the title compoimd as a white powder (77 mg, 43% yield). iHNMR (500 MHz, 
CDCb) 5: 7.68 (IH, s), 7.41 (IH d, J -8.2 Hz), 7.35 (IH, s), 7.10 (IH, d, J = 8.2 
Hz), 4.57 (2H, s), 4.26 (2H, s), 3.68 (2H, t, J = 5.2 Hz), 3.54 (2H, t, J = 5.2 Hz), 

20 3.00 (3H, s), 2,92 (3H, s), 1.45 (9H, s). HRMS calcd for C21H27CI2N4O7S (M+H): 
549.0978; found: 549.0988. 
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EXAMPLE 126 

Compound 852: l-f2-Ainino-ethvl)-4-hvdroxv-5-oxo-2^-dihvdro-lH-p vrrolf>- 
3-caiboxylic add (3.4-dichloro-benzvD-methYl-amiHp 




5 NHa 

Compound 852 was prepared according to the methods described in 
the previous examples. ^HNMR (500 MHz, DMSO-d6) 5: 10.98 (IH, br s), 
7.62 (IH, d, J = 8.24 Hz), 7.52 (IH, d, J = 2.14 Hz), 7.25 (IH, d, J = 7.33 Hz), 
10 4.59 (2H, s), 4.10 (2H, s), 3.64 (5H, br s), 3.06-3.00 (4H, m). HRMS calcd for 
CisHisClaNsOs (M+H): 358.0725; found: 358.0717. 



EXAMPLE 127 

Compound 853: 4-Hydroxv-l-f2- methvlamino-ethvl)-5-oxo-2.5-dihvdTO-lH- 
15 PVTrole-3-c arboxvlic add (3>5-dichloro-benzvl)-meaivl-amide 




NH 



Compoimd 853 was prepared according to the methods described in 
20 the previous examples. ^HNMR (500 MHz, CDCI3) 5: 11.96 (IH, br s), 8.92 
(2H, s), 7.53 (IH, s), 7.31 (2H, s), 4.60 (2H, s), 4.11 (2H, s), 3.89 (3H, br s), 3.70 
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(2H, br s), 3.15 (2H, m), 2.55 (3H, t, J 5.19 Hz). HRMS calcd for Ci6H2oa2N303 
(M+H): 372.0882; found: 372.0884. 



EXAMPLE 128 

5 Compound 854: 4-Hvdroxv-l-f2"(dimethylsulfajiudoyl-methv^^ 

5-oxa-25-dihvdro-lH-pvrrole-3"Carboxvlic acid G^-dichloro-benzvlVmethyl- 
amide 




To a stirred solution of 4-hydroxy-l-(2-methylainino-ethyl)-5-oxo-2^- 
dihydro-lH-pyrrole-3-carboxylic add (3^-dichloro-benzyl)-methyl-ainide (82 
mg, 0.2 nunol) and EtsN (0.084 mL, 0.6 mmol) in CH2CI2 (3 rtiL) was added 
dimethylsulfamoyl chloride (0.028 mL, 0.26 mmol). After stirring for 2h at 

15 room temperature, the reaction mixture was concentrated and purified by 
preparative HPLC using MeOH/ Water as the eluent. The fractions 
containing the product were combined and concentrated to give iiie tifle 
compoimd as a paste (70 mg, 59% yield). ^HNMR (500 MHz, CDCI3) 5: 10.68 
(IH, br s), 7.27 (IH, s), 7.13 (2H, s), 4.58 (2H, s), 4.29 (2H, s), 3.71-3.65 (2H, m), 

20 3.45-3.40 (2H, m), 3.02 (3H, s), 2.80 (3H, s), 2.71 (6H, s). HRMS calcd for 
Ci8H25C]2N405S (M+H): 479.0923; found: 479.0918. 
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EXAMPLE 129 

Compotmd 855: l<:arbamoylmethyl4-hydroxy-5<)xo-2,5-dihvdjo-lH- 
pyrrole-3-carboxylic add (3,4-dichlorc>-benzyl)-me1hyl-ainide 



the previous examples. iRNMR (500 MHz, CDCI3) 6: 7.84 (IH, d, J = 8.24 
Hz), 7.28 (IH, br s), 7.05-7.01 (IH, m), 4.52 (2H, s), 4.17 (2H, s), 4.03 (2H, s), 
10 3.43 (3H, br s), 2.94 (3H, s). HRMS calcd for C15H14CI2N3O4 (M-H): 370.0361; 
found: 370.0361. 

EXAMPLE 130 

Compound 856: 4-Hvdroxv-l-f2-morpholiri-4-yl-ethvlV5-oxo-2S<Uhydro-lH- 
15 pyrrole-3-carboxylic add methoxy-(4-methylbenzylV-amide 




Compound 855 was prepared according to tfie methods described in 




Reaction of 2-(2,2-dimethyl-5-oxo-[l,3]-dioxolan-4-ylidene)-N- 
20 methoxy-N-(4-methylbenzyl)-acetaiiude (0.30 g, 0.98 mmol) with the 

paraformaldehyde - N-(2-aminoethyl)morpholine adduct in methanol using a 
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procediure similar to Ihe one described in the preparation of compound 13 
gave 0.17 g (45 % yield) of the title compotind as a solid. iHNMR 400 MHz 
(CDCI3) 5 (ppm); 2.35 (3H, s, CH3), 2.47 (4H, m, 2 x NCH2), 2.56 (2H, t, J = 6.2 
Hz, NCH2), 3.62 (2H, t, J = 6.2 Hz, NCHj), 3.66 (4H, m, 2 x OCH2), 3.71 (3H, s, 
5 OCH3), 4^7 (2H, s, NCHa), 4.85 (2H, s, NCH2), 7,14 - 7.24 (4H, aromatics). 
HEMS ( FAB + ) calculated for C2oH28N305:[M+H]+: 390^02896 ; found: 
390.203567. 

EXAMPLE 131 

10 Compound 857: 4-Hydroxy-l-methyl-5-oxo-2,5-dihydro-lH-pyrrole-3- 
ceirboxylic add methyl-(4-trifluoromethyl-ben2yl)-amide 



O OH 




15 Reaction of 2-(2,2-dimethyl-5-oxo-[l,3]-dioxolan-4-ylidene)-N-methyl- 

N-(4-trifluoromethylbenzyl)-acetamide (0.50 g, 1.45 mmol) with ihe 
paraformaldehyde - methylamine adduct in methanol using a procedure 
similar to the one described in the preparation of compound 44 (method 44B ) 
gave 0.31 g (64 % yield) of the title compound as white crystals; mp 126-128 

20 «C ( ethyl acetate - hexane). ^HNMR 400 MHz (CDCI3) 6 (ppm); 3.07 (3H, s, 
NCH3), 3.13 (3H, s, NCH3), 4.18 (2H, s, NOt), 4.74 (2H, s, NCH2), 7.41 (2H, 
d, J = 8.1 Hz, aromatics), 7.64 (2H, d, J = 8.1 Hz, aromatics), 10.56 (IH, broad, 
OH). Anal. Calcd for C15H15F3N2O3: C, 54.88; H, 4.61; N, 8.53. Found: C, 54.93; 
H, 457; N, 8.44. 
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EXAMPLE 132 



Compound 858: 4-Hydroxy-l-(2-morpholin-4-yl-^thyl)-5-oxo 
pvrrole-3~carboxylic acid methyl-(4-trifluoromethyl-benzyl)-amide 



Reaction of 2-(2,2-dimethyl-5-oxo-[i;3]-dioxolan-4-yHdene)-N-me&^ 
N-(4-trifluoromeihyl-ben2yl)-acetarnide (0.36 g, 1.05 mmol) with the 



10 procedure similar to the one described in the preparation of compound 13 
gave 0.16 g (35 % yield) of the title compound as a solid after 
chromatography on reversed phase silica gel. ^HNMR 400 MHz (CDCI3) 5 
(ppm); 2.46 (4H, m, 2 x NCH2), 2.57 (2H, t, J = 6.1 Hz, NCH2), 3.04 (3H, s, 
NCH3), 3.6 (6H, m, 2 X OOfcand NCH2), 4.25 (2H, s, NCH2), 4.72 (2H, s, 

15 NCH2), 7.41 (2H, d, J = 8.0 Hz, aromatics), 7.62 (2H, d, J = 8.0 Hz, aromatics). 
HRMS ( FAB + ) calculated for C2oH25F3N304:[M+H]+: 428.179716 ; found: 
428.179157. 

EXAMPLE 133 

20 Compotmd 859: 4-Hydroxy-l-methyl-5-oxcK2^-dihydro-lH-pyrrole-3- 
carboxylic add methoxy-(4-trifluoromethyl-benzyl)-amide 



O 



OH 



5 




paraformaldehyde - N-(2-aminoethyl)morpholine adduct in methanol using a 
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Reaction of 2-(2,2-<limeihyl-5-oxo-[i;3]-dioxolan-4-yUden^ 
meihoxy-N-(4-trifluoromethylben2yl)-ace^^ (0.20 g, 0.56 mmol) with the 
paraformaldehyde - methylamine adduct in methanol using a procedure 
similar to the one described in the preparation of compound 44 ( method 44B 
5 ) gave 0.10 g (52 % jdeld ) of the title compound as white crystals; mp 145 «>C 
(dec) ( ethyl acetate - hexane ). ^HNMR 400 MHz (CDCb) 5 (ppm); 3.11 (3H, 
s, NCHs), 3.75 (3H, s, OCH3), 4.17 (2H, s, NCH2), 4.94 (2H, s, NCH2), 7.45 (2H, 
d, J = 8.1 Hz, aromatics), 7.61 (2H, d, J = 8.1 Hz, aromatics). Anal. Calcd for 
C15H15F3N2O4: C, 52.33; H, 4.39; N, 8.13. Found: C, 52.17; H, 4.34; N, 7.98. 

10 

EXAMPLE 134 

Compound 860: 4-Hydroxy4-(2-morphoM-4-yl-ethyl)-5K)xO"2^-dihydr^ 
pyrrole-3-carboxylic add methoxy-(4rtrifluoromethyl-benzylVamide 



15 




Reaction of 2-(2,2-dimethyl-5-oxo-[l,3]-dioxolan-4-ylidene)-N- 
methoxy-N-(4-trifluoromethyl-benzyl)-acetamide (0.41 g, 1.13 mmol) with the 
paraformaldehyde - N-(2-aminoethyl)morpholine adduct in methanol using a 

20 procedure similar to the one described in the preparation of compoimd 13 
gave 0.38 g (75% yield ) of the title compound as crystals after 
chromatography on reversed phase silica gel; mp 119 Kl (dec ) (ethyl acetate 
- hexane). ^HNMR 400 MHz (CDCI3) 5 (ppm); 2.48 (4H, m, 2 x NCH2), 2.58 
(2H, t, J = 6.3 Hz, NCH2), 3.64 (2H, t, J = 6.3 Hz, NCH2), 3.67 (4H, m, 2 x 

25 OCH2), 3.75 (3H, s, OCH3), 4.31 (2H, s, NCH2), 4.94 (2H, s, NCH2), 7.47 (2H, d. 



wo 2004/004657 



PCTAUS2003/021371 



302 

J = 8.1 Hz, aromatics), 7.63 (2H, d J = 8.1 Hz, aromatics). Anal. Calcd for 
C20H24F3N3O5: C, 54.17; H, 5.46; N, 9.48. Found: C, 54.12; H, 5.57; N, 9.52. 



EXAMPLE 135 

5 Compound 861: 4-Hydroxy-l-(2-morphoIin-4-yl-ethylV5K)xo-^ 

pyrrole-3K:arboxylic add methoxy-(4-methvlcarbamoyl-benzyl)-amide 




10 Reaction 4-({[2-(2,2-dimethyl-5-oxo-[13]dioxolan-4-ylidene)-acetyl]- 

methoxy-aniino}-methyl)-N-metiiyl-benzamide (0.053g, 0.15 mmol) with the 
paraformaldehyde - N-(2-aminoethyl)morphoLine adduct in methanol using a 
procedxire similar to the one described in the preparation of compound 13 
gave 0.034 g (41% yield ) of the title compotind as a white solid after 

15 chromatography on reversed phase silica geL ^HNMR 400 MHz (DMSOde) 5 
(ppm); ( TEA salt ) 2.77 (3H, d, J = 4.65 Hz, NCH3), 3.1 (2H, broad m, NCH2), 
3.4 - 3.8 (8H, broad m, 2 x NCH2 and 2 x OCH2), 3.75 (3H, s, OCH2), 3.98 (2H, 
broad, NCH2), 4.24 (2H, s, NCH2), 4.94 (2H, s, NCH2), 7.39 (2H, d, J = 8.4 Hz, 
aromatics), 7.80 (2H, d, J = 8.4 Hz, aromatic), 8.41 (IH, q, J = 4.5 Hz, NH). 

20 HRMS ( FAB + ) calculated for C2iH29N406:[M+Hl+: 433.208710; found: 
433.209419. 
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EXAMPLE 136 



Compotind 862: 4-Hvdroxv-l-(2-morpholin-4-vl-^divlV5K)xo-2^-dihvdTO-lH- 



Reaction of N-<3,4<lichlorobenzyl)-2-(2,2-dimethyl-5-oxo-[l^]- 
dioxolan-4-yUdaie)-N-niethoxy-acetainide (0,20 g, 0.56 mmol) with iihe 



chromatography on reversed phase silica gel. iRNMR 400 MHz (DMSO-de) 5 
(ppm); 2.39 (4H, broad, 2 x NCH2), 2.47 (2H, t, J = 6.3 Hz, NCH2), 3.49 (2H, t, J 
= 6.3 Hz, NCH2), 3.53 (4H, broad, 2 x OCHz), 3.66 (3H, s, OCH3), 4.16 (2H, s, 
15 NCH2), 4.89 (2H, s, NCH2), 7.33 (IH, dd, J = 1.8 Hz and J = 8.1 Hz, aromatic), 
7.60 (IH, d, J = 8.1 Hz, aromatic), 7.63 (IH, d, J = 1.8 Hz, aromatic). HRMS ( 
MAB/N2 ) calculated for Ci9H23Cl2N305:[M+] : 443.101477 ; found: 
443.103002. 

20 EXAMPLE 137 

Compound 863: 4^Hvdroxv-l-methvl-5-oxo-2^-dihydro-lH-pvrrole-3- 
carboxyUc add f4-fluoro-2-trifluoromethyl-benzylV-methoxy-amide 



pyrrole-3-carboxyllc add (3.4-dichlorobenzyl)-methoxy-amide 



5 




paraformaldehyde - N-(2-aminoethyl)morpholine adduct in methanol using a 
10 procedure similar to the one described in the preparation of compound 13 
gave 0.071 g (28% yield ) of the title compoimd as a solid after 



CF3 O OH 
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Reaction of 2-(2^-<limethyl-5-oxo-[l^]-dioxolan-4-yUdene)-N-(4- 
fluoro-2-trifluoromethylbenzyl)-N-methoxy-acetamide (0.14 g, 0.37 mmol) 
with the paraformaldehyde - methylanvine adduct in methanol vising a 
procedure similar to the one described in the preparation of compound 44 
5 ( method 44B ) gave 0.056 g (42 % yield ) of the title compotind as wHie 

crystals; mp 167 "C (dec) ( ethyl acetate - hexane ). ^HNMR 400 MHz (CDCI3) 
6 (ppm); 3.13 (3H, s, NCH3), 3.71 (3Ii s, OCH3), 4.21 (2H, s, NCIfc), 5.09 (2H, 
s, NCHa), 7.22 - 7.27 (IH, m, aromatic), 7.39 - 7.46 (2H, m, aromatics). Anal. 
Calcd for C15H14F4N2O4 : C, 49.73; H, 3.89; N, 7.73. Foimd: C, 49.74; H, 3.92; N, 
10 7.70. 

EXAMPLE 138 

Compoimd 864: 4- Hvdjoxv-l-f2-morpholin-4-vl-ethvn-5-oxo-2.5-dihvdro-lH- 
Pvrrole-3-carbox vlic acid (4-fluoro-2-trifluoromethvl-ben2vlVmethoxv- 
15 amide 




Reaction of 2-(2,2-dimetiiyl-5-oxo-[l,3]-dioxolan-4-ylidene)-N-(4- 
20 fluoro-2-trifluoromethyl-benzyl)-N-methoxy-acetamide (0.21 g, 0.55 mmol) 
with the paraformaldehyde - N-(2-aminoethyl)morpholine adduct in 
methanol using a procedure similar to fte one described in the preparation of 
compound 13 gave 0.13 g (50% yield ) of the title compound as a soUd after 
chromatography on reversed phase silica gel. ^HNMR 400 MHz (CDCI3) 5 
25 (ppm); 2.51 (4H, m, 2 x NCH2), 2.60 (2H, t, J = 6.1 Hz, NCH2), 3.65 (6H, m, 2 x 
OCH2and NCH2), 3.71 (3H, s, OCH3), 4.32 (2H, s, NCH2), 5.09 (2H, s, NCH2), 
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7.23 - 7.27 (2H, m, aromatics), 7.39 - 7.48 (2H, m, aromatics). MS ( ESI + ) 
calcvdated for C2oH24F4N305:[M+H]+: 462 ; found: 462. 

EXAMPLE 139 

5 Compound 865: 4-Hydroxy-l-meihyl-5K>xo-2^-d3hydro-lH-pyrrole-3- 
carboxylic add r3-(3,4-dichlorophenyD-propyn-amide 



[l^]-dioxolan-4-yIidene)-acetainide (0.432 g, 1.20 mmol) witii the 
paraformaldehyde - methylamine adduct in methanol using a procedure 
similar to the one described in the preparation of compoimd 44 ( method 44B 
) gave 0.232 g (56 % yield ) of the title compoimd as white crystals; mp 157 - 

15 158 oC (dec) ( ethyl acetate - hexane ). ^HNMR 400 MHz (CDCI3) 5 (ppm); 
1.81 (2H, m, CH2), 2.57 (2H, t, J = 7.5 Hz, CH2), 3.05 (3H, s, NCH3), 3.33 (2H, 
m, NCH2), 3.98 (2H, s, NCH2), 6.95 (IH, broad t, NH), 7.05 (IH, broad dd, 
aromatic), 7.21 (IH, d, J = 2 Hz, aromatic), 7.26 (IH, d, J = 8.1 Hz, aromatic), 
10.13 (IH, broad, OH). Anal. Calcd for CisHieCliNaOa : C, 52.49; H, 4.70; N, 

20 8.16. Found: C, 52.39; H, 4.80; N, 7.89. 

EXAMPLE 140 

Compound 866: 4-Hvdroxy-l-methyl-5-oxo-23-dihydro-lH-pyTrole-3- 
carboxylic add f3-(4-fluorophenyl)-propyn-methyl-amide 




Reaction of N-[3-(3,4-dichlorophenyl)-propyl]-2-(2,2-dunethyl-5-oxo- 



O OH 
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Reaction of 2-(2,2-<lime%l-5-oxo-[l^]-dioxolan-4-ylidene)-N-[3-(4- 
fluorophenyl)-propyl]-N-methyl-acetaiiude (0.20 g, 0.62 mmol) with the 
paraformaldehyde - methylamine adduct in methanol vising a procedure 
similar to the one described in the preparation of compound 44 (method 44B) 
5 gave 0.11 g (56 % yield ) of the title compound as white crystals; mp 129 "C 
(dec) ( ethyl acetate - hexane ). iRNMR 400 MHz (CDCI3) 5 (ppm); 1.91 (2H, 
m, CH2), 2.63 (2H, t, J = 7.6 Hz, CH2), 3.04 (3H, s, NCH3), 3.05 (3H s, NCH3), 
3.40 (2H, broad t, J = 7.5 Hz, NCH2), 3.90 (2H, broad s, NCH2), 6.99 (2H, m, 
aromatics), 7.14 (2H, m, aromatics). Anal. Calcd for C16H19FN2O3 : C, 62.73; H, 
10 6.25; N, 9.14 Found: C, 62.75; H, 6.23; N, 9.11. 



EXAMPLE 141 

Compound 867: 4- Hvdroxv-l-(2-morpholin-4-vl-ethvl)-5-oxo-2.5-dihvdro-1 ff- 
pvrrole-S-carbox ylic add r3-(4-fluorophenvl'>-propyll-methvl-amide 

15 




Reaction of 2-(2,2-dimethyl-5-oxo-[l,3]-dioxolan-4-ylidene)-N-[3-(4- 
fluorophenyl)-propyl]-N-methyl-acetamide (0.245 g, 0.76 mmol) with the 

20 paraformaldehyde - N-(2-aminoethyl)morpholine adduct in methanol using a 
procedure similar to flie one described in the preparation of compoimd 13 
gave 0.103 g (33% yield ) of the title compound as a solid after 
chromatography on reversed phase silica geL iHsJMR 400 MHz (CDCI3) 5 
(ppm); 1.92 (2H, m, CH2), 2.47 (4H, broad, 2 x NCH2), 2.54 (2H, broad t, 

25 NCH2), 2.63 (2H, t, J = 7.5 Hz, CH2), 3.04 (3H, s, NCH3), 3.42 (2H, broad t, 

NCffc), 3.58 (2H, broad, NCH2), 3.66 (4H, broad, 2 x OCH2), 4.12 (2H, broad s. 
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NCH2), 6.97 (2H, m, aromatics), 7.14 (2H, m, aromatics). HRMS ( FAB + ) 
calculated for C2iH29FN304:[M+H]+: 406.214210 ; found: 406.214016. 

EXAMPLE 142 

5 Compound 868: 4-Hydroxy-l-methyl-5<)xo-2.5Kiihvdro-lH-pyrrole-3- 
carboxylic add rS-O^dichlorophenyD-propyn-metitivl-amide 



[l^]Hiioxolan-4-ylidene)-N-inethyl-acetainide (0.570 g, 1.53 mmol) witii the 
paraformaldehyde - methylamine adduct in methanol using a procedure 
similar to the one described in the preparation of compound 44 ( method 44B 
) gave 0.287 g (52 % peld ) of the title compoimd as white crystals; mp 138 - 

15 140 <: ( ethyl acetate - hexane ). iHNMR 400 MHz (CDCI3) 5 (ppm); 1.80 (2H, 
m, CH2), 2.49 (2H, t, J = 7.6 Hz, CH2), 2.92 (3H, s, NCH3), 2.95 (3H, s, NCH3), 
3.31 (2H, broad t, J = 7.3 Hz, NCH2), 3.87 (2H, broad s, NCH2), 6.91 (IH, dd, J 
= 2.0 Hz and J = 8.1 Hz, aromatic), 7.16 (IH, d, J = 2.0 Hz, aromatic), 7.23 (IH, 
d, J = 8.1 Hz, aromatic), 10.94 (IH, broad s, OH). Anal. Calcd for 

20 Ci6Hi8Cl2N2Q3 : C, 53.80; H, 5.08; N, 7.84. Found: C, 53.90; H, 5.17; N, 7.83. 



O 



OH 




10 



Reaction of N-[3-(3,4-dichlorophenyl)-propyl]-2-(2,2-dimeihyl-5-oxo- 
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EXAMPLE 143 

Compound 869: 4-Hvdroxy-l-(2-morpholin-4-yl-ethvl)-5<>xo-2^-dihy 
pyTrole-3-carboxylic acid f3"(4-fluorophenylVpropyl1-methoxv-ainide 



paraformaldehyde - N-(2-aininoethyl)raorpholine adduct in methanol vising a 



gave 0.446 g (63% yield ) of the title compoimd as a solid after 
chromatography on reversed phase silica gel. ^HNMR 400 MHz (DMSO-de) 5 
(ppm); 1.84 (2H, m, CH2), 2.40 (4H, broad, 2 x NCH2), 2.46 (2H, t, J = 6.5Hz, 
CH2), 2.56 (2H, t, J = 8.1 Hz, CH2), 3.46 (2H, t, J = 6.5 Hz, NCH2), 3.52 (3H, s, 
15 OCH3), 3.55 (4H, broad, 2 x OCH2), 3.67 (2H, t, J = 7.1 Hz, NCH2), 3.95 (2H, s, 
NCH2), 7.09 (2H, m, aromatics), 7.23 (2H, m, aromatics). HRMS ( FAB + ) 
calculated for C2iH29FN305:[M+H]+: 422.209125 ; found: 422.208679. 

EXAMPLE 144 

20 Comppound 870: 4'Hvdroxv-l-methyl"5^xo-25-dihvdro-lH-pvrrole-3- 
carboxylic add r3-(3.4KiichlorophenyD-propyn-methoxv-amide 




Reaction of 2-(2,2-dimethyl-5-oxo-[l,3]-dioxolan-4-ylidene)-N-[3-(4- 
£luorophenyl)-propyl]-N-methoxy-acetairade (0.560 g, 1.66 mmol) with the 



10 procedixre similar to the one described in the preparation of compound 13 
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Reaction of N-[3-(3,4-dicUorophenyl)-propyl]-2-(2,2-dimethyl-5-oxo- 
[l^]-dioxolan-4-ylidene)-N-methoxy-acetainide (0.480 g, 1.16 mmol) with the 
paraformaldehyde - methylamine adduct in methanol using a procedure 
similar to the one described in the preparation of compound 44 ( method 44B 

5 ) gave 0.250 g (58 % yield ) of the title compound as white aystals; mp 106 - 
108 "C ( ethyl acetate - hexane ). ^HNMR 400 MHz (CDCb) 5 (ppm); 2.01 (2H, 
m, CHa), 2.65 (2H, t, J = 7.6 Hz, CH2), 3.14 (3H, s, NCH3), 3.73 (3H, s, OCth), 
3.77 (2H, t, J = 7.0 Hz, NCH2), 4.11 (2H, s, NCH2), 7.04 (IH, dd, J = 2.0 Hz and 
J = 8.1 Hz, aromatic), 7.30 (IH, d, J = 2.0 Hz, aromatic), 7.36 (IH, d, J = 8.1 Hz, 

10 aromatic), 11.67 (IH, broad s, OH). Anal. Calcd for Ci6Hi8ClaN204 : C, 51.49; 
H, 4.86; N, 7.51. Found: C, 51.65; H, 4.90; N, 7.45. 

EXAMPLE 145 

Compound 871: 4-Hvdroxv-l-f2-morpholin-4-vl-ethvlV5-oxo-25-dihvdro-lH- 
15 pvrrole-3-caiboxvlic add r3-(3.4-dichlorophenvD-propvll-methoxv-amide 




N— V 

o 

Reaction of N-[3-(3,4-dichlorophenyl)-propyl]-2-(2,2-dimethyl-5-oxo- 
20 [13]-dioxolan-4-yhdene)-N-methoxy-acetamide (0.378 g, 0.97 mmol) with the 
paraformaldehyde - N-(2-aminoethyl)morpholine adduct in methanol using a 
procedure similar to the one described in the preparation of compovmd 13 
gave 0.196 g (42% yield ) of the title compound as a solid after 
chromatography on reversed phase silica gel. ^HNMR 400 MHz (CDCI3) 5 
25 (ppm); 1.98 (2H, m, CH2), 2.49 (4H, broad, 2 x NCH2), 2.58 (2H, t, J = 6.2Hz, 
CH2), 2.63 (2H, t, J = 7.5 Hz, CH2), 3.63 (2H, t, J = 6.2 Hz, NCH2), 3.68 (4H, 
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broad, 2 x OCH2), 3.71 (3H, s, OCH3), 3.74 (2H, t, J = 7.0 Hz, NCH2), 4.23 (2H, 
s, NCH2), 7.02 (IH, dd, J = 2.0 Hz and J = 8.2 Hz, aromatic), 7.28 (IH, d, J = 2.0 
Hz, aromatic), 7.34 (IH, d J = 8.2 Hz, aromatic). HRMS ( FAB + ) calculated 
for C2iH28Cl2N305:[M+Hl+: 472.140602 ; found: 472.138651. 

5 

EXAMPLE 146 

Compound 146-A: 4-Fluoroben2aldehyde 0-f3-chloropropylV-oxune 



10 

A suspension of sodium hydride (73.0 mmol, 3.0 g of a 60 % 
suspension in mineral oil) was washed twice with hexane and then 
suspended in diy tetrahydrofuran (40 ml). The reaction mixture was then 
treated at 25 °C with l-bromo-3-chloropropane (10 ml, 97.5 mmol) followed 

15 by a solution of 4-fIuorobenzaldehyde oxime (6.78 g, 48.7 mmol) in 

tetrahydrofuran (30 ml) added dropwise over 10 min. The resulting mixture 
was then heated imder reflux for 16 h. The cooled mixture was diluted with 
ethyl acetate, washed with brine and dried over anhydrous sodium sulfate. 
Evaporation of tiie solvent under reduced pressure and chromatography of 

20 the residue on silica gel ( elution hexane - ethyl acetate, 9:1) gave 8.52 g ( 81 
% ) of the title oxime as a dear oil. ^HNMR 400 MHz (CDCI3) 5 (ppm) : 2.23 
(2H, m, CH2), 3.74 (2H, t, J = 6.5 Hz, CH2), 4.36 (2H, t, J = 5.8 Hz, CH2), 7.13 
(2H, m, aromatics), 7.63 (2H, m, aromatics), 8.11 (IH, s, CH). Aiial. Calcd for 
CioHuClFNO: C, 55.69; H, 5.14; N, 6.49. Found: C, 55.44; H, 5.12; N, 6.41. 

25 
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Compoimd 146-B: 4-Fluorobenzaldehyde 0-(3-morpholia-4'yl-propylV 



oxime 




F 



5 



A mixture of 4-fluorobenzaldehyde 0-(3-cWoropropyl)-oxime (0.430 g, 
2.0 mmol), morpholine (0.70 g, 8.0 mmol), sodium iodide (0.1 g) and 
potassium carbonate (0.55 g) in acetone (10 ml) was sealed and heated at 80 
for 34 h. The cooled mixture was concentrated, diluted with ethyl acetate, 

10 washed witii brine and dried over anhydroiis sodium sulfate. Evaporation of 
the solvent under reduced pressure and chromatography of the residue on 
silica gel ( elution ethyl acetate - acetone, 8:2) gave 0.376 g ( 70 % ) of the 
title oxime as a dear oU. ^HNMR 400 MHz (CeDe) 5 (ppm) : 1.94 (2H, m, CH2), 
2.27 (4H, m, NCH2), 2.38 (2H, t, J = 7.1 Hz, NCH2), 3.69 (4H, m, OCH2), 4.40 

15 (2H, t, J = 6.5 Hz, OCH2), 6.76 (2H, m, aromatics), 7.33 (2H, m, aromatics), 
8.03 (lH,s, CH). 

Compound 146-C: N-(4-Fluorobenzyl)'C)-f3-morpholin-4"Vl-propvlV 
hydroxylamine 



Reduction of 4-fluorobenzaldehyde 0-(3-morpholin-4-yl-propyl)- 
oxime (0.330 g, 1.24 mmol) with sodium cyanoborohydride in acetic add as 
25 described in the preparation of compoimd 44-B gave 0.330 ( 100 % yield) of 



20 




r? 



F 



the crude title hydroxylamine as a light yellow oil which was iised as such for 
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the acylation step. iRNMR 400 MHz (CsDe) 5 (ppm) : 1.69 (2H, m, CH2), 2.22 
(4H, m, NCH2), 2.27 (2H, t, J = 7.0 Hz, NCH2). 3.63 (4H, m, OCH2), 3.74 (2H, t, 
J = 6.3 Hz, OCH2), 3.79 (2H, s, NCH2), 6.91 (2H, m, aromatics), 7.12 (2H, m, 
aromatics). 

Compound 146-D: 2'f22'Dime<]wl-5K)X(>ri31-dioxolan-4-yMeneVN^ 
fluorobenzylVN-(3-morpholin-4"yl-propoxy)'acetam 




10 

Reaction of (2,2-<iimeiiiyl-5<)xo-[13]dioxolan-4-yliderie)-acetyl 
diloride (1.0 minol) withN-(4rfluorobenzyl)<)-(3-morpholin-4-yl-propyl)- 
hydroxylamine (0.268 g, mmol) as described in the preparation of compound 
44rC (add wash was ddpped in Ihis case) gave 0.200 g (47 % yield) of tiie title 

15 amide as a clear oil after chromatography on silica gel. iHNMR 400 MHz 
(CeDe) 5 (ppm) : 1.10 (6H, s, CH3),1.50 (2H, m, CH2), 2.19 (2H, t, J = 6.6 Hz, 
NCH2), 2.20 (4H, m, NCH2), 3.70 (2H, t, J = 6.2 Hz, OCH2), 3.71 (4H, m, 
OCH2), 4.73 (2H, s, NCH2), 6.85 (3H, m, CH and aromatics), 7.22 (2H, m, 
aromatics). HRMS ( MAB N2 ) calculated for C21H27FN2O6 [ M+ ] : 422.185315: 

20 found: 422.185246. 
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Compound 872: 4-Hvdroxv-l-methvl-5-Qxo-2^-dihvdro-lH-pvrrol^^^ 
carboxvlic add f4-fluorO"beruzylV(3-mQrpholin-4-yl-propoxvVanu 




0 

5 

Reaction of 2-(2,2-dimethyl-5-oxo-[l^]dioxolan-4-yHdene)-N-(4- 
fluoro-ben2yl)-N-(3-morpholm-4-yl-propoxy)-acetainide (0.080 g, 0.18 mmol) 
with the paraformaldehyde - methylamine adduct in methanol using a 
procedure similar to the one described in the preparation of compound 44 ( 

10 method 44B ) gave 0.027 g (35 % yield ) of the title compound as a white solid 
after chromatography on reversed phase silica geL ^HSSMR 400 MHz 
pMSO-de) 8 (ppm); 1.61 (2H, m, dh), 2.23 (2H, t, J = 7.0 Hz, NCH2), 2.28 
(4H, broad, 2 x NCH2), 2.93 (3H, s, NCH3), 3.54 (4H, broad, 2 x OCHz), 3.76 
(2H, broad t, OCH2), 3.97 (2H, s, NCH2), 4.88 (2H, s, NCH2), 7.13 (2H, m, 

15 aromatics), 7.40 (2H, m, aromatics). HRMS ( MAB N2 ) calculated for 
C2oH26FN305: [M]+: 407.185650 ; found: 407.184331. 
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EXAMPLE 147 

Compound 873: 4-Hvdjoxy4-(2-morpholin-4-yl-ethvl)-5H3XO-23-dihvdro- 
lH-pvrrole-3-carboxvlic acid (4-fluoro-benzyD-(3-morpholin-4-vl-propoxyV 
amide 




Reaction of 2-(2,2-dimethyl-5-oxo-[l^]dioxolan-4-ylidene)-N-(4- 
fluoro-benzyl)-N-(3-morpholin-4-yl-propoxy)-acetaimde (0.080 g, 0,19 mmol) 

10 with the paraformaldehyde - N-(2-aminoethyl)niorpholine adduct in 

methanol xising a procediire similar to the one described in the preparation of 
compound 13 gave 0.019 g (20% yield ) of the tifle compound as a solid after 
chromatography on reversed phase silica gel. ^HNMR 400 MHz (CDCI3) 5 
(ppm); 1.65 (2H, m, CH2), 2.25 (2H, t, J = 7.3 Hz, NCH2), 2.29 (4H, broad, 2 x 

15 NCH2), 2.39 (4H, broad, 2 x NCH2), 2.46 (2H, t, J = 6.6 Hz, CH2), 3.50 (2H, t, J 
= 6.6 Hz, NCH2), 3.68 (8H, broad, 4 x OCH2), 3.84 (2H, t, J = 7.0 Hz, OCH2), 
4.11 (2H, s, NCH2), 4.87 (2H, s, NCH2), 7.16 (2H, m, aromatics), 7.40 (2H, m, 
aromatics). HRMS ( MAB N2) calculated for C25H35FN4O6: [M]+: 506.254064 ; 
foxmd: 506.254892. 

20 

EXAMPLE 148 

Compound 148-A: 3,4-E>ichlorobenzaldehvde 0-(3-chloropropyl)-oximfi 



CI 
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Reaction of 3,4-dichlorobenzaldehyde oxime (2.5 g, 13.15 mmol) with 
l-bromo-3-chloropropane (2.6 ml, 26.3 mmol) as described in the preparation 
of Compound 146-A gave 2.60 g (74 % yield) of the title oxime as a dear oil 
after chromatography on silica gel ( elution hexane - ethyl acetate, 9:1). 
5 iHNMR 400 MHz (CDCI3) 5 (ppm) : 2.21 (2H, m, CH2), 3.69 (2H, t, J = 6.5 Hz, 
CH2), 4.34 (2H, t, J = 5.8 Hz, OCH2), 7.41 (IH, dd, J = 2 Hz and J = 8 Hz, 
aromatic), 7.47 (IH, d, J = 8 Hz, aromatic), 7.71 (IH, d, J = 2 Hz, aromatic), 
8.01 (lH,s,CH). 

10 Compomid 148-B: 3,4-Dichlorobenzaldehyde 0-(3-morpholin-4-yl-propyl)- 
oxime 



g, 9.75 mmol) with morpholine (3.4 ml) as described in the preparation of 
compound 146-B gave 2.25 g (72 % yield) the title oxime as a clear oil after 



chromatography on silica gel ( elution ethyl acetate - acetone, 8:2). ^HNMR 
400 MHz (C6D6) 6 (ppm) : 1.89 (2H, m, CH2), 2.25 (4H, m, NCH2), 2.35 (2H, t, J 
20 = 7.1 Hz, NCH2), 3.69 (4H, m, OCH2), 4.35 (2H, t, J = 6.5 Hz, OCH2), 6.98 (IH, 
d, J = 8.5 Hz, aromatic), 7.02 (IH, dd, J = 1.9 Hz and J = 8.5 Hz, aromatic), 7.50 
(IH, d, J = 1.9 Hz, aromatic), 7.77 (IH, s, CH). Anal. Calcd for Ci4Hi8CkN202: 
C, 53.01; H, 5.71; N, 8.83. Found: C, 52.99; H, 5.69; N, 8.75. 




r? 



15 



Reaction of 3,4-dichlorobenzalddi.yde 0-(3-chloropropyl)-oxime (2.6 
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10 



15 



Compoxmd 148-C: N-(3.4-Didilorobai2?y-l)<)-(3-morpholin'4"Vl^^^ 
hydroxylainine 



oxiine (0.160 g, 0.5 mmol) in a mixture of dichloromethane (2 ml) and acetic 
acid (1 ml) was treated with borane-pyridine complex (0.17 ml, 1.36 mmol) 
and the resulting mixture was heated under reflux (bath temperature 60 oQ 
for 4 h. The solvent was then evaporated xmder reduced pressure and the 
residue was treated with 10 % aqueous hydrochloric acid (3 ml). The reaction 
mixture was then basified with solid sodium carbonate and extracted with 
ethyl acetate. The organic phase was then washed with brine, dried 
(anhydrous magnesitun sulfate) and concentrated to give 0.150 g ( 93 % yield 
) of the crude title hydroxylamine as a light yeUow oil which was used as 
such for the acylation step. iHNMR 400 MHz {CeDs) 5 (ppm) : 1.66 (2H, m, 
CH2), 2.22 (2H, t, J = 7.1 Hz, NOfc), 2.24 (4H, m, NCH2), 3.56 (2H, s, NCH2), 
3.69 (4H, m, OCH2), 3.70 (2H, t, J = 6.5 Hz, OCH2), 5.2 (IH, broad, NH), 6.82 
(IH, dd, J = 1.9 Hz and J = 8.5 Hz, aromatic), 7.13 (IH, d, J = 8.5 Hz, aromatic), 
7.33 (IH, d, J = 1.9 Hz, aromatic). 




CI 



A solution of 3,4-dichlorobenzaldehyde 0-(3-morpholin-4-yl-propyl)- 
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Compound 148-D: N-f3,4-Di(Moroben 2yl)-2-(2,2-Hi'T nethvl-5-oxo-ri31- 
dioxolan-4-vMeneVN-f3-morpholin-4-vl-propoxvVa 




0 

5 

Reaction of (2,2-<iinietiiyl-5-oxo-[l^]dioxolan-4-ylidene)-acetyl 
chloride (0.49 mmol) with N-(3,4-dichloroben2yl)-0-(3-morpholin-4-yl- 
propyl)-hydroxylaiiiine (0.150 g, 0.49 mmol) as described in the preparation 
of compound 44C gave 0.150 g (65 % yidd) of the title amide as white 

10 crystals after chromatography on silica gel : mp 77 - 78 "C ( ether - hexane ). 
iHNMR 400 MHz (CeDe) 6 (ppm) : 1.09 (6H, s, CH3),1.47 (2H, m, CH2), 2.17 
(2H, t, J = 6.5 Hz, NCH2), 2.22 (4H, m, NCH2), 3.66 (2H, t, J = 6.0 Hz, OCH2), 
3.73 (4H, m, OCH2), 4.56 (2H, s, NCH2), 6.82 (IH, s, CH), 6.98 (IH, dd, J = 2.0 
Hz and J = 8.0 Hz, aromatic), 7.06 (IH, d, J = 8.0 Hz, aromatic), 7.40 (IH, d, J = 

15 2.0 Hz, aromatic). Anal. Calcd for C21H26CI2N2O6: C, 53.28; H, 5.53; N, 5.91. 
Found: C, 53.31; H, 5.67; N, 5.77. 
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Compound 874: 4-Hvdroxy4-methyl-5K)xo-2^dihydro-lH-pyrroie-3- 



Reaction of N-(3,4-dicWoro-benzyl)-2-(2,2-<limethyl-5-oxo- 
[l^]dioxolan-4-yUdene)-N-(3-morpholin-4-yl-propoxy)-aceiamide (0.200 g, 
0.42 mmol) wiih the paraformaldehyde - methylamine adduct in raethanol 
using a procedure similar to the one described in the preparation of 



10 compound 44 ( method 44B ) gave 0.090 g (47 % yield ) of the title compound 
as a white amorphous soM after chromatography on reversed phase silica 
gel. iHNMR 400 MHz (DMSO-d^) 8 (ppm); 1.66 (2H, m, CH2), 2.27 (2H, t, J = 
7.1 Hz, NCHa), 2.32 (4H, broad, 2 x NCH2), 2.95 (3H, s, NCH3), 3.55 (4H, 
broad, 2 x OCIfc), 3.86 (2H, broad t, OCHi), 4.06 (2H, s, NCH2), 4.88 (2H, s, 

15 NCHa), 7.35 (IH, dd, J = 2 Hz and J = 8.1 Hz, aromatic), 7.61 (IH, d, J = 8.1 
Hz, aromatic), 7.65 (IH, d, J = 2 Hz, aromatic). HRMS ( FAB + ) calculated for 
C20H26CI2N3O5: [M + fil+: 458.124952 ; found: 458.123753. 



carboxyUc acid (3.4-dichloro-benzyl)-(3-morpholin-4-yl-propoxy)-amide 



O 



OH 




5 
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EXAMPLE 149 

Compound 875: 4-Hydroxy-l'(2-morpholin-4-yl-ethyl)'5-oxo-2^-di^ 
lH-pyiTole-3-carboxylic add (3.4-dicMoro-benzyl)'(3-morpholin-4-yl-- 
propoxy)-amide 

5 




Reaction of N-(3,4-dicWoro-benzyl)-2-(2,2-dimethyl-5-oxo- 
[l^]dioxolan-4-yHdene)-N-(3-morpholin-4-yl-propoxy)-acetanud (0.200 g, 

10 0.42 mmol) with the paraformaldehyde - N-(2-aminoethyl)morpholine 
adduct in methanol iising a procedure similar to tihe one described in the 
preparation of compoimd 13 gave 0.160 g (68% yield ) of tiie title compoimd 
as a solid after chromatography on reversed phase silica gel. ^HNMR 400 
MHz (CDCI3) 6 (ppm); 1.56 (2H, m, CH2), 2.18 (2H, t, J = 7.1 Hz, NCH2), 2.25 

15 (4H, broad, 2 x NCH2), 2.39 (4H, broad, 2 x NCH2), 2.46 (2H, t, J = 6.1 Hz, 
CH2), 3.50 (2H, t, J = 6.1 Hz, NCH2), 3.54 (8H, broad, 4 x OCH2), 3.71 (2H, 
broad t, CXIHs), 3.99 (2H, s, NCH2), 4.87 (2H, s, NCH2), 7.40 (IH, broad d, 
aromatic), 7.58 (IH, d, J = 8.1 Hz, aromatic), 7.73 (IH, broad s, aromatic). 
HRMS ( FAB + ) calculated for C25H35CI2N4O6: [M + H]+: 557.193366 ; found: 

20 557.192134 



BIOLOGICAL ACnVITY 
For each reaction, 5 pmole of biotin labeled substrate DNA was boimd 
tolOOug of Streptavidin coated PVT SPA beads (Amersham Pharmacia 
25 Biotech). 0.26 ng of recombinant integrase was incubated with the beads for 
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90 min at 37C. Unbound enzyme was removed by washing the complex 
followed by addition of inhibitors and 0.1 fmol of P33 labeled target DNA. 
Reaction was stopped by adding EDTA to a final concentration of 10 mM. 
Samples were coimted in TopCotmtNXT (Packard) and the CPM was vised as 
5 a measure of integration Reaction condition was as described in A. 

Engebnan and R. Craigie , J. Virol. 69, 5908-5911 (1995). The sequences of 
substrate and target DNA were described in Nudeic Add Research 22,1121- 
1122 (1994). Using this assay, representative examples were foxmd to have 
ICso = 0.01 to 50 jiM. The table below shows the percent inhibition of HIV- 
10 integrase in the presence of 20 \xM of compotmds 1-79. 



Compotind 


% Inhibition 
@20)jiM 


1 


99.9 


2 


99.9 


3 


99.9 


4 


99.9 


5 


99.8 


6 


99.9 


7 


99.9 


8 


99.9 


9 


99.9 


10 


99.9 


11 


99.9 


12 


99.9 


13 


99.9 


14 


99.7 


15 


99.7 


16 


99.9 


17 


99.9 
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Compound 


% Inhibition 

(5)90 iilV/r 


18 


99.9 


19 


99.9 


20 


99.9 


21 


99.9 


22 


99.9 


23-A 


99.9 


23 


99.9 


24 


99.9 


25 


99.9 


26 


99.9 


27 


99.9 


28 


99.9 


29 


99.9 


30 


99.9 


31 


99.9 


32 


99.9 


33 


99.9 


34 


99.9 


35 


99.9 


36 


92 


37 


99.9 


38 


99.9 


39 


99.9 


40 


99.9 


41 


99.9 


42 


99.9 


43 


99.9 


45 


99.5 
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Compound 


% Inhibition 


46 


99.3 


47 


99.9 


49 


98.5 


50 


92 


51 


99.9 


52 


86 


53 


99 


54 


99.9 


55 


99.9 


56 


88 


57 


99.9 


58 


99.5 


59 


99.9 


60 


99.7 


61 


99.3 


62 


97.7 


63 


12 


64 


99.7 


65 


99.9 


66 


99 


67 


96.5 


68-A 


45 


68 


12 


69 


97 


70 . 


99.8 


71 


99.9 


72 


98.8 


73 


10 
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Compound 


% Inhibition 

@20pM 


74 


97.8 


75 


96.5 


76 


96 


77 


99.8 


78 


99.9 


79 


92.4 



Inhibition of MV replication 

Cell culture assays were performed using a single cycle, recombinant 
HIV vims expressing Renella ludferase. Anti-viral, activity was evaluated by 
5 measuring the production of ludferase in the infected cells 5 days post- 
infection. Susceptibility of the virus to compounds was determined by 
incubation in the presence of the serially-diluted compound. The 50% 
effective concentration (EC50) was calculated by using the exponential form 

of the median effect equation where (Fa) = 1/[1+ (EDso/drug conc.)^]. 
10 Representative compoimds of ttiis invention tested in this assay have 

ECso's of approximately 0.01 to 150 \M. 



wo 2004/004657 



PCT/US2003/021371 



324 
CLAIMS 

What is claimed: 

5 1. A compound of Formula I, or phannaceutically acceptable salts 
solvates thereof 



r2 




I 

10 wherein: 
R^is 

-phenyl substituted with 1-3 R^, 

-naphthyl, furanyl, thienyl, pyridyl, or imidazolyl imsubtituted or 
substituted with 1-3 
15 -Ci-Ce alkyl-aryl imsubtituted or substituted with 1-3 R^ or 

-Ci-Cs alkyl-O-aryl imsubtituted or substituted with 1-3 R^; 

R^is 

-H, 

-Ci-Q alkyl, 

20 -aryl unsubstituted or substituted with 1-3 R^, or 

-Ci-C6 alkyl aryl unsubstituted or substituted with 1-3 R^; 

R^is 

-H, 

-Ci-C6 alkyl, 

25 -Ci-O alkyl-aryl imsubstituted or substituted with 1-3 R, or 

-OR9; 
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is independendy selected from 
-halo, 
-CN, 

-Ci-Ce alkyl, 
5 -C3-C6 cydoalkyl, 

-Ci-Cehaloalkyl, 
-OR5, 
-CO2R6, 
-N(R7)(R8), 
10 -CON(R7)(R8), 
-SR5, 

-SOCi-Cealkyl, and 
-SOzCi-Cealkyl; 

R5 and R^ are independently selected from -H and -Ci-Ce allsyl; 
15 R'' and R8 are independently selected from -H and -Ci-Ce alkjrl, or NR^s ig a 
heterocyde selected from pyrrolidine, piperidine, 
4-hydroxypiperidine, morpholine, ttiiomorpholine, piperazine, and 
4-methylpiperazine; 

R9is 

20 -H, 

-Ci-Cioalkyl, 

-Ci-Ce alkyl-aryl, 

-C2-C10 alkyl-ORS, 

-Ci-Cioalkyl-C02R«, 
25 -Ci-Cioalkyl-N(R7)(R8), 

-Ci-Cio aIkyl-CON(R7)(R8), or 

-Ci-Ce aUsyl-heterocyde where the heterocyde is selected from 
pyrrolidine, piperidine, 4-hydroxypiperidine, morpholine, 
thiomorphoUne, piperazine, 4rmethylpiperazine, and 
30 thiazinaiiedioxide; 
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Bi is selected from the group consisting of 
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RIO is 
5 -H, 

-Ci-C6 alkyl, 
-cycloalkyl, 
-Ci-C6 alkyl-aryl, 

-phenyl unsixbstituted or substituted with 1-3 R^^, 
10 - benzofuran, dihydrobenzofuran, benzodioxane, or 

-heteroaryl selected from furan, titdophene, pyrrole, imidazole, 
oxazole, Ihiazole, and pyridine; 

Riiis 

-Ci-Ce alkyl, 
15 -cycloalkyl, 

-aryl unsubstituted or substituted with 1-2 R^, 

-Ci-Ce allqrl-aryl unsubstituted or substituted with 1-2 R^, 

-Ci-Ce alkyl-heteroaryl where the heteroaryl is selected from ftiran, 
thiophene, pyrrole, imidazole, oxazole, thiazole, and pyridine, 
20 <:i-C6 alkyl-NR7R8, 

-Ci-Ce alkyl-OR5, 

-Ci-Q alkyl-P(0)(OR6)2, 

-Ci-C6 alkyl-C02R6, or 

-Ci-C6 alkyl-C(0)N(R7)(R8); 

25 Ri2is 

halogen, 
-Ci-C6 alkyl, 
-Ci-C2haloalkyl, 
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-Ci-Ca thioalkyl, 
-OR13, 

tetrahydrofxiran, 
dihydrop5n:an, 
5 -NR7R8, 

-CO2R6, 
-C0NR^8^ or 

-CONHCHaPh where Ph is unsubstituted or substituted with 1-2 R*; 

Ri3is 
10 -H, 

-Ci-Cealkyl, 
-Ci-Cfi fluoroalkyl, 
allyl 

propargyl, 
15 phenyl, 
bervzyl, 

-COCi-Cftalkyl, 
-CH2C02R6,or 
-CH2CONR7R8 

20 

2. A compound of claim 1 where R^ is phenyl substituted with 1-3 R* or 
Ci-Ce alkylaryl unsubstituted or substituted with 1-3 R^ R2 is H, and R^ is 
halo, CN, Ci-O alkyl, Ci-Ce haloalkyl, ORS, COzR^, or NR^RS. 

25 3. A compoimd of claim 2 where R^° is H or phenyl ttnsubstituted or 
substituted with 1-3 R^. 
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4. 



A compound of claim 3 where R^^ is OR^^, 
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5. A compound of claim 3 where Rii is Ci-Ce alkyl or 
Ci-C6-aIkyl-heterocycle where the heterocycle is selected from pyrrolidine, 
piperidine, 4-hydroxypiperidine, morpholine, thLomorpholine, piperazine, 
4-methylpiperazine, and thiazinanedioxide. 

5 

6. A compoimd of claim 1 selected from the group consisting of 

4-hydroxy-5-oxo-l-(2-[4-methylpiperazin-l-yl]eihyl)-2,5-dihydrO"^ 
p)nrrole-3-carboxylic add (3,4-dichlorobenzyl)-methyl-amide; 

10 

4-hydroxy-5-oxo-l-(2-[morpholin-l-yl]ethyl)-2^-dihydro-lH-pyrrole- 

3- carboxylic acid (3,4rdichlorobenzyl)-methyl-amide; 

4- hydroxy-5-oxo-l-(2-[morpholin-l-yllethyl)-2^-dihydro-lH-p)^ 
15 3-carboxyIic add (3,4-dimethyIbenzyl)-methyoxy-amide; 

4-hydroxy-5<)xo-l-(2-[morpholin-l-yl]ethyl)-2^-dihydro-lH-pyrrol^^ 

3- carboxylic add 3-(4-fluorophenyl)prop-l-yl-methyoxy-amide; 

20 4-hydroxy-5K)xo-l-methyl-2,5Kiihydro-lH-p5nTole-3<arboxylic add 

(3,4-dichlorobenzyl)-methyl-amide; 

4- hydroxy-5-oxo-l-metiliyl-2,5Kiihydro4H-pyrrole-3-carbo^^ 
(3,4-dichloroben2yl)-methoxy-amide; 

25 

4-hydroxy-5<)xo4-methyl-2,5-dihydro-lH-pyrrole-3-carboxylicadd 
(3,4-dimethylbOTzyl)-methoxy-amide; 



30 



4-hydroxy-5-oxo-l-metiiyl-2,5-<iihydro-lH-pyrrole-3-carboxylic add 
(4-fluoro-3-methyIbenzyl)-methoxy-amide; and 
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4-hydroxy-5K>xo-l-methyl-2^-dihydro-lH-pyCT^^ 
(3-fluoro-4-meiiiylbeivzyl)-methoxy-arnide. 

7. A pharmaceutical composition comprising a compoimd of Claim 1, or 
5 a pharmaceutically acceptable salt or solvate thereof, and a pharmaceutically 

acceptable carrier. 

8. The pharmaceutical composition of Claim 7, further comprising a 
therapeutically effective amount of one or more other HIV treatment agent 

10 selected from 



(a) 


an HTV protease inhibitor; 


(b) 


a nucleoside reverse transcriptase inhibitor; 


(c) 


a non-nudeoside reverse transcriptase inhibitor; 


(d) 


an HTV-etitry inhibitor; 


(e) 


an immunomodulator; 


(f) 


or a combination thereof. 



9. A method of inhibiting HIV integrase which comprises administering 
a therapeutically effective amount of a compoimd of Claim 1, or a 

20 pharmaceutically acceptable salt or solvate thereof, to a manunal in need of 
such treatment. 

10. A method of treating an HIV infection in a patient in need thereof, 
comprising the administration of a therapeutically effective amount of a 

25 compound of Claim 1, or a pharmaceutically acceptable salt or solvate thereof 
to the patient. 



11. A method of therapeutically treating AIDS or ARC in a patient in need 
thereof, comprising the administration of a therapeutically effective amount 
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of a compound of Claim 1, or a pharaiaceutically acceptable salt or solvate 
thereof, to the patient. 



